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1 . JntMniuaUun 



TGacher Gducation is a key problGm at educational rofarm* This 
thesis la baBlc for a long-term tf^search and dGvelopment plan 
by the working^group on "training and furthet' Gducatian of 
mathamaticB tGachGrs" (Arbo itnqruppa "Mathemat iklehrGraiis- 
bildung und ^-weitorbildung" ) at the Institut fUr Didaktik dar 
Mathcmatik at BielefGld* ThiB paptir ie a preliminary collection 
of firoit resulte achieved in Gonneefcion wiiih the compilation of 
a Qomprehensive documentat ion on the situation in the training 
of mathematica teachers* Above all it Is intended to eerve as 
an orientation for the seminar on Ten gen c 1 r s a n d P r o tal em g j>f 
t h e r a i n ing Q ff Ma t h ema t i c e T e a g h e r b *' at Bielefeld from Dee. IE 
to 6, 1975. 

In the last few years the importance of the teacher has 
increasingly become the focal point in the proceas of refornilng 
schools and instruction methods, Ingifht into the eauses and 
the background of the failures of material based curriculum, 
projects, experience gained in the filald of school reform, aad 
the intensive discuesiona about a reform of teacher educatioi^ 
at the universities have helped to develop a more refined 
understanding of the role of the teacher and the importance ot 
teacher education. At the same time centiral problems in connection 
with the basic concept of teacher education have not been solved, 
above all the relation of theory and practice of training in thf 
scientific, paedagogic and socto-^sclent If ic field • 

In this paper we are concerned with the problems of the eduj;a_t_lon 
of ma thematics teachers in particular. Since the central aspect 
of a teacher *s job, the actual teaching, is a social activity 
determined essentially by the subject^^matter it is an essential 
prerequisite for all theoretical and practical efforts at 
reforming teacher education to achieve a clarification of thi 
conception of the subject of instruction and its manifold 
relations to all aspects of the teacher *s job. 
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On the other hand the problemB of the tralriing of matheniatics 
teaGhere dannot be approached from a subj@Qt-related angle 
only* The significance of teacher trainirig within an 
innDvation strategy with its social, institutiQnal ^ and 
mathodological Implications requires an analysis of the 
problems at a auffielently complex level. Didactica^ the 
Intermediary agent between theory and practice and betv^^een 
aubjoct-related and social aspects of teaching and learning 
can only fulfil its task if its view of tht probleiriB starts 
from a eufficlently broad and differentiated baaie * 

The compleK character of mediator ial probXtltis in tha sphere 
of teacher education mentioned above also hmd its effects on 
the structure of this paper. The table of contents is proof 
of the variety of fields that information had to be gathered 
from. The structure of the paper is caused toy the fact that 
questions and eKperiences of central importance alvaya run 
against the division of labour as expressedl in the Individual 
academic disciplines or in the distinction between theoretical 
and practical work. Nevertheless the individual sections can 
each only deal with some aspects of the problems contained in 
them* 

We hope that this paper, if its charaeterii tics as mentioned 
above are taken into account, offers possibilities for 
partici pation of all the different groups taking an interest 
in the training of mathematics teachers. This implies also a 
cooperation across the various * often very hateregenecus 
theoretical and practical fields of eKperience* One of the 
marin difficulties here stems from the necessity to develop a 
Gontfnon view of the problem. This difficulty is increased by 
the fact there is a lack of broadness and differentiation in 
the scientific discussion on teacher education within the 
disciplines coneernedi this also is one of the main 
conclusions of this paper. 

Therefore this papar cannot offer an adaqunte survey of the 
problem area that would comprise all aspeots Involvad. It is 
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intendod as the start: tny point for an oxclianyo of experionce. A 
joint formulation of esaential questions would already 
constitute a first decisive step. We hopa that this paper and 
the disdusaion of it will provide a basis for the development 
of a continuoua and constructive dialogue between representa- 
tives of the theoretical and the practical side and the 
working group. Therefore in connection with and subsequent to 
this seminar, we will publish a comprehensive documentation, 
which this material is based on, together with the papers 
delivered at this seminar and the results of our discuasionB* 



Let us now make a few remarks about the structure and contents 
of this papers part 2, following this introduction ( "Problenis 
of eGUdational reform" ) offers first a survey of the literature 
on innovation research, which developed as a reaction to the 
innovation movements of the last 1 5 years mainly in the United 
States, it deals among others with the relation between 
curriculum development and innovation research and with the 
importanee of the question of problem identification in innova- 
tion processes. Following this some contradictions in the 
innovation process will be discussed, which often are treated 
in the literature available in the form of false alternativeSp 
Finally some prerequisites for a reform of the teaching of 
mathematics are described as e,g. the function of teacher 
organisations and the position of mathematics and natural 
seienees in the discussion of the concept of general education. 

Part 3 ( "New forms for r elating theory to^ practice in 
-t^^g.her .gducation" ) starts from the assumption that 
the problem of conveying theoretical knowledge with relevance 
to practice and teaching practical skills on a theoretical 
background represents the central problem of teacher training. 
The development in the Fedaral Republic in this field took a 
different course from that in the United States: while dis- 
cuisions here concentrated on formulating new concepts for the 
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theoretical aspocts of toaching (3.1) in the United States n 
whole variety of different methods md proconHes of a 
pragmatically oriented teaching of theory and practice havci 
been developed* As these developmants are largely unknown 
in the Federal Republic a short deeeription of some special 
instruction methods (3.2 - 3.6) and of the influential 
overall concept of "CompetGncy Qa^ed Teacher Muaatlon*M3 .8) 
will be presented, 3,7 deals with a few problems which are of 
central importance in connectian with all thes^ coneepta and 
methods and which refer to the question of how theoretical 
and practical aspects have to be taken into account in th^^ 
formulation of an adequate goncapt of teaching* 

Part 4 ( '^general problems of the r elationehip between theory 
and praatice in teacher training'^ ) systematically comblnas the 
individual lines of argument ^rawn before. Starting from the 
fact that teacher education and itm reform are dependant on 
prior normative daciaions the queition of the definltior of 
qualification dimansions and the formulation of training 
programmas is dealt with. Then the indispensable difference 
between theory and practice is discussed, a difference and 
distance which should not be abolished but rather made fruit- 
ful. And finally we go into the problam of the authorities 
engaged in tha theoretical and practical side of teacher 
training from an administrative and a contants-rolated side. 

Part 5 ("_Math> Knowledg a & tha Tr a ininrr of Taachers of Math./M deali 
with the role of the aubject matter in the framework Of the 
teacher *e job in a comprehensive wayi the arguments therefore 
very often explicitly or implicitly refer to other parts of 
the paper. It will be seen from the analysis of generally 
proposed wrong alternatives in the didactics of the subject 
that the way the problem of the teacher *s function in science 
and training Is approached Is characterised by a subdivision 
Into social and contents-related, theoretical and practical 
aspects. The thesis will ba developed that a synthesis of 
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thaao aepiac^jjln teacihgr trtiinincf can anly he roached by 
developing an adaquc^to conception of the flUbjt»ci; matter, 
and aomo of thoae conceptions will be difjousBod. Knowlodge 
about thD origin ^ the dovylopment , tho Btruafcure, and the 
application of knowlfidgc! { 1 , a ,* knowlodge about knowledge ' } 
is of central Importance to the clariflcatton of the baaic 
concdptual probleims of the? tc*aahinc| of mfithomcitlci^ and the 
training of mathematics teachers. 

Part 6 ( ^Concl ugiona^) pffars preliminary conclusionti In 
the form of theBCjBp which oan be drawn from tha situation 
outlined no tar. They are conclusions for reBeareh and 
duvolopment aa wt*ll as for contents and organ l^^atlon of the 
training of mathematics tGachara, As Btatemcinte In the 
pracDGdlng parts refer to a large extent to eKporiences in 
foreign eountr j the particular InBtitutional and political 
framework and tho ooncept of science in Weitern Germany is 
taken into account in the formulation of this part. 
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2*1 hmuvatiun Uvsv an c / f 

The dfjVQlopjmont:- of Innovntion rnsoa rcli hnn bncn clafsel.y 
ilmkcd with t:ho npocd^up of ru forrriB In t^'o nclucuitiariaL 
n^»rt or Fnllnwinq t;hf' i\n-C.\] '[ipviinlk :nioc^k ' iJ 

tJnltad liintOB. A ruirvny of Hit? }itnr3lV4r«^ procluoecl in thi b 
field loadB HavuLook to Lhu Hlatunienti? "'Pho oulpui dT 
relavnnt atudlGs haB hcon incrnasinf] at n vory rapiti rato 
over the past docado. At hho dnUo v^hlch v/as aTbitari ly 
choBBn tin a starting dato for the sGarch of major Indices; 
1 a littln ovor 100 s tudies at)peared , a rcspectablo 
but oasily roviowable numbor^ but by 1964 tho f lciure 
was nocirly fivo timou as qruat" (llavalQck 1971, p, 1»19). 

for the same period of tiiiiG Brickei in California finde 
in hJlB BurvGya an anormoug increase in the rate of innovation, 
in particular far an tho curriculum is concernoch "The 
analyBis showed that the rate of innovation ir\ thG public 
schools had more than doubled in th^ fifteen tnonths follo'^^ing 
the launching of tha Boviet Sputnik I in OctolDer of 19&7. 

Chanyee had swept not only foreign lanquacjeo? rnatheinaticS/ 
and science - which had led the field by tLripllncf their 
rate of change - but all other sulDjects, nonacademlcs as 
well as academic * without a eingle Qxccptton'' (Driclcol in? 
Hiles 1964, p, 495). 

A typical example is the curriculuin of the PSSC fox 
physics. Development work on it did not start till 1956 
and already in 1961 nearly 20% of all secondary- schools 
In the USA used the PSSC-^materials* 

It is characteristic of this phaee of teaehinq reform 
to find a widespread belief in methods of innc\raticn as 
aeveloped in the ar^n of modicinG ^ nqriculture and 
industry for the production and d IsBemination of hardware 
products* 
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This nai%?e fait3% in a ddric^ teQhnolog'iGal usability of 
knowlidg« for tH« iCTpfo'wema^t the educational systam, 
its sontenti, m^tho*i aisd t^mm of organisation has been 
shaken the po-or Jesuits «f t?ha reform measures boMe 
by it:, 

"Eduodtien, bei^^ oa^e OJE th« latgest of human antarpiriseB, 
Is certainly eKp^ri&ncinf a3.1 the pairis connected with 
the a^nereaslng dl^man. d Car Irtsprcpvajnents and the meagre 
resua^ts of large-^iCiLli s^efow efforts. In most of the 
scoftoinieally anA tec*:hnoXoglc2alLv advanced weitam eguntrles, 
wa SLi^B Ln the mi^dlfe of a evvitch fxam * educational optimism* 
towat^d ' aducatiosial ml.ism*" ( DaHn 1 973, p. 24)* 

This means an im^ort^nt ihif t o^f amphasis for innovatiion 
riiaa.rch^ which tico«ias quite evident vhen eoraparing the 
topic^i of two standaafd taooks eh^r^eter istic of th€se two 
pario^i , Mathew Mjle^' "Inno^ition in Education'* (1964) 
and fclie OECD-stu^y om ''Cmm Otu4iei of Educational 
Jnnov^^tion" (19T3)» ^ithi MiXiS th& mnphmBiB is en 
€Htan$iv^ curriculum ptc^Jioti, ^echneleglaal innQvattoni* 
admin iitrative cbang^i mud. oomp4rativaly traditional 
conta-cve^sies in tea^^hfec" efliacat ion* ^^heraas the OlCD-atudy 
central much mo^^ on qumtioni ^b^ut the social aspect of 
aducational reffSM. cc^mpl^x prablems such aa the 

spiGiiic role li^it^ of admini^trati've dleoiaions on 

the riational/ r^gionsl ^nd Local lev^^lj th€ relatiojiihip 
oi politiai and ^eiaa^de^ queiti^ns of v^hether/how to invDlV€ 
those affected euarri&yluitm de-^eiopftient^ the questioii of 
^ida effeeti etc* plsy aL inuch greater part, The cloae link 
i^lth praotical pKoblemi n/hich Qriaracterisas innov^tioii 
jeseai^ch ae appLiid soei il saietice ia sornathing ona v/^g 
awara of right ftpni -Ciha star-tl "The current flurry c£ 
^ducatilonal char^r^e irn to^rica Dtffafs an exealient opportunity 
-to ptudy problefTt^ of pla.:»inQA oh^nae in sooial sy^items * an 
area ^hare our undirstait*^ln^ is decidedly lass than p^rfaet, 
Given an increaae in und -erst ending » At seeras likely that 
v/e may ba able to itiarnage^ edu^at Aon^i innwatlon somewhat 
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more steillfiiUy than we have in the past" (Miles tns 
Miles 1964, y, 2). 



mmt was net realiied right from the start, however* was 
that this link operates on various levels s on the one 
haad through the oonearn with aomewhat technologioally 
usable kno%/ledge, with strategies, teehnifiues of behaviour , 
forms of organisation a to. , on the other through oomprehengivi 
social and eonceptual ideal of the reform prooess- If the 
first phase off cucrlouluro reform was eharacterised hy an 
optimism dtie to a teohnooratie view of selence, it is now 
the seoond soct of reference to reality which forms the 
eentre of attention * 

•'Baldom are the impliea Ideologies analysed^ instead, 
the problemBari^ treatprl t^ehnieal ones* We see this 
as one of the major problems in the innovation proaess 
today" (Dalln 1973, p. 240). 

There are no aspeets of scientific knowledge coneerning 
fundamental aspects of education as a social institution 
whieh do mt. for their pas sing-on depend on similar 
oomprehensiva views, on the relationship between eehool 
and society and Qt\ the nature of knowledcre itself* 

The negleot of the ideol€gi'::^al oonponent could be a key 
to why the results of educational reform as well as of 
the closely ocnMcted ooncept of innovation research 
have sc far beeii vnsatlsfaotory- 

**There are humdrads of studies of ehanga, many of them 
concerned with ohar^ge In education. The weakness of these 
studies, however, is that few of them are of an enipirical 
nature f few are related to specific educational oonditionar 
little is know of the role which different organigaticns 
ean play in tlie proseas of educational innovation? little -* 
If anything - is known of the interrelationships betweer^ 
different dec ision^-maklnct levels in the educational system 
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11 they effect InnQvatlonp and imw studies have analysed 
the term 'innovation* Itself and the implieatlons of Its 
liiterpretation for the manaqMant of the innQmtloii process" 
(DalLn 1973, p, 26) . 

km a def_lnjLt_l_Qn oi the area eoveired by InnovatLon 
reiearch Dalln* s siagqestion seems to us to be the most 
appropriate one mincm It sumniarises the aagintlal aipects 
dlSGiiised Into a short f omula aocording to whlah Innoifatlon 
la •'a deliberate attempt to ijnprova praetiei ia celation 
to certain desired objeotive" (Dalln 1973, p. 3S) . 

This definition obv^ioualy Impliis the sigfiificanae of 
value queiticns and peripecttvei of interest for Innovation • 
reiearch* Iniiovatiori research is always rtfearah aiminq at 
the Improvemertt of aosial proceisas and ia thirafora lubjeat 
to certain criteria as to what is optimal. In addition, the 
definition implies that innovation follows th€ av^ailable 
state of knowledge ^hich to an increasing a^ctmt has taken 
a iolentiflo form. Tn thli respeot* there la a conneotlori 
betwaeii Innovation resaareh and the diicuapioii about the 
problem of treating avetything seientif io^Hy , a eonniation 
vhiGh is also apparent from the title of tbe no far most 
comprehensive siarvey of the es^isting liteMtuie on problems 
of innovatton research , Havelcok' s "Planning Jot Innovation 
through Uttlliation and DisseiDination of Knov/ ledge" * 

Innovation can refer to rather different ^BpBQtm of the 
eduoatienal aystein* Dalin disting\iishea it\ thii respect 
four t ypes of innovation s the first refers to objeotives 
and funotiona of the school In its broadei? soeial and 
cGOnomic context I the i^eond type ii mainly concerned 
\^ith the organliation and administration of the educational 
syitinni the third is conoerned with role 0@Jiniticns and 
role reiationshipa and the fourth finally aentrei on changes 
In the eurriculuin (of* fislin 1973 # p, Si-^^O* 

One of the great diffla^ltiei in controlUng Innovative 
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proeessas lies in the fact that the various types have 
their own adequate forms of orqanizsation althoucfh there 
is at the same time a close intaraependence between them* 

In what follows we are abo-^^e all concerned v/ith the 
fourth type because this la particularly relevant for the 
question of the connectiDn between innovation and teacher 
training and because it is in the field of the eurrlcuLuni 
that the problem of a concept of prof ess tonal autonciny 
adequate to the innovative process is particularly acyte* 
It is therefore to be hoped that the previously mentioned 
interdependances too will be approaohable from this 
perspective. 

The curriculum for mat^j^matiai waa one of the mosL important 
starting points for the wave of innavations which started 
in conneetion with the sputnik shock. It is in this field 
therefore that alternative etrateffiea of innovation with 
their practical advantages and dlsadvantaf es hav^e found 
thair clearest axprassion. The first major cyrriculum projects 
to be devalopad in the USA follo%^ed in oriantation experiences 
made in the development and disiemination of hardware products 
This was not only true of projects based on behaviourist 
learning psychology and on the hope raised thereby for inora 
efficient teaching, but also of projeots centring above 
all on a reform of the oontent in the sense of structure 
based mathematics (of* Keltel 1975^ p. 28 sequ,)« The 
corresponding strategic concept for innovation starts 
from a careful separation of individual innovative phases, 
"It posits a user population ^hioh can be reached 
effectively and influenced throuoh a process of 'dissemination 
or by dissemination activities of various sorts ^ provided, 
however, that the dissemination is preceded by an esctensive 
and compleH process of reaearch and development whiah 
usually includes the following features t 'basic research*, 
'applied research** 'development', 'production', and 
'packaging'*' {Havelock 1971, 11-6), Havelock talks of 
5 basic features of this modeli "{1) rational sequenGa, 
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(2) plannim/ (3) division of labor, (4) defined audiencai 
and C5> high investinent for maximum pa^=off, (HavalocJc 
1971, 11=-5). 

Inasmuch Slb the axpactations of changing the evsryday 
practicas of teaching were disappDinted and tnteraat 
shiftgd onto the pedagogical realisation of new curricula 
and their psycholoqical and social implications (cf, Ch* 
Keltai 1975, p. 31 seq*) the ahortcQmings of thia concept 
of innovation strategies becajme more and n\ore apparent* 
Crlticlsnn pointed out amontiat other things that the social 
and psychological InterdapandariGiee decisive for the 
accsptarice or rejection of an. innovation by the syitaro 
concarnad v^ere neglected, "In critlaiain# the Basearch 
Dev^alopinant ^ Dif fusion Model can ba said to he over-rational^ 
overldeali^ad^ exceasively research oriented, and inadequately 
uaar«oriented (Havelock 1971, 11=-7) , 

The realigatlon of this model therefore led to an incongruity 
batwean the rich financial and qualificatory resourcas of 
dev^elopment inaiiagemant and a lack of ayBtematlc, different 
tiatad and piactice-^orlented development of alma and 
otojeettves- "1*71111© the inatitutions studied do seem to 
manage pgojacts fairly wall* ona oannot automatically 
asSiirne that they are succeisful innovative agencies-' 
(Dallri 1973, 107), 

These probleos are well known from other areas of applied 
social icience » "Die Fixlerung der Zielfunktion ist vlelfach 
in multivariabran,. gr.QSen Systemen notwendig duroh vrill-- 
kUrllchSp ^uiailiga und night wisBenschaf tllch beefrUndbare 
Entscheidungen crekannieichnet (BeherrschbarkeitBgrad und 
Erkenntnli iind funktlonell gakoppelt) . Is antsteht daher 
ein l^ideK'ipriich zwiachen den teilweisa crut durchgebildeten 
Mathoden der Optimiarung (mathematische und kybarnetischa 
Verfahran) \iM dem vorwiegend gualltati^^en Charaktar dar 
Entscheidungsvorbereitung bel der Auswahl der Zielfunktion" 
(W* Kriesel 19 6S), 
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It is in the diss€minatlon phase at the Latest that this 
inconqruity becomee apparent* StiiGe they mark the critical 
point of traneition of"" new products^ ntodai of behaviour 
and forma of organiiation into praatiaal use, problems 
of dissemination are often simultaneous ly" indicators 
of daficieneiei and dif f icultiai in the whole innovative 
procesi f although this becomes sornewhat clear only in 
the case of an obvious failure of an innovative attempt* 
In the context of the reform of nathamatics teaching, 
howevc^r/ there are above all cases which wder the cover 
of official directives, curriculuni deGisicni and correa- 
pondingly labelled materials are presented to the outside 
world aa successfully concluded Innovation processes 
although the realization has little to do with the 
original intentions. Sarason used for this the formula 
"The mora thlnge ohanqe the mere they remain the same," - 
"'the avaracfe teacher has a very great capacity for going 
on doing the same thing under a different name*" (Beeby 
±nt Howson 1970) * 

In the light of more recent studifa on the implententatiQn 
of curricula it seeins necaaaary to distinguish clearly 
between the intention to carry out ^ certain suggestions 
for change and their actual realisation and mcraover to 
posit a great number of gradual differentiations in the 
realization, h further defect of the traditional concept 
of curriculum development with a viev to the objectives 
is to be seen in the widespread interchange oi alms and 
means and the general tendency of.didactlQ means to 
become Independent of the aims of teaching, "But the 
intended conaequenceB are rarely stated clearly, if at all^ 
and as a result, a means to a goal becomiS the goals itself, 
or it becomes the misleading criterion for judging change. 
Thus , vm have the nev^ math , but wb do not have those changes 
in how teachers and children relate to each other that 
are necessary if both are to enjoy persist in , and 
productively utilize Intellectual and Intarpersonal 
escperience and if these are not among the intended 



12 

IB 



consequences # then we must conclude that the aurriculum 
reformers have hmBn quite auGcessful in achiaving their 
goal of substituting one set of books for another" 
(Saraeon 1971 p. 48) . 

hm a consequance of tha immanent simplif ieation of the 
dissemination process the research based on this modal 
of innovation developed methodic instrumenta for the 
definition of suoaeisful innovation processes which misged 
the decisive question of the practieal implementation 
(cf. Pullan 1972f 5 seg*)* Only following the growing 
dlsenchanttnant with the practical effects of the reform 
attempts did app^a^ studies that undertook, more thorough 
analyses of the efjEtct of planned Innovations on schools 
and teaching^ i#e* they treated them from the perspactiva 
of those who aetua^lly had to deal with them. This meant 
the collection of individual data of observation which 
can be used as cor^^otives to the declarations and labale 
of intent* These studies ^ mainly thorough case studies 
or summaries of eKperiences made in field work - by and 
large cover the whole spectrum of the innovations 
raconmandad and taken up in the Anglo^Amarican countrias 
over the last 15 years* "A very subjective but nonethelesi 
general impression of those who gathered and those who 
studied tha date was that some of the highly reaoimnended 
and publicized innovations of the past decade or so 
ware dimly conceived and, at best, partiaily impleitiented 
in the schools claiming them (J* Goodlad u»a, 1970, 

p. 72) . « 

If the predominant innovation model of the sixties 
considered tha main problem to consist in ovarcominCT 
tha reeistanca of the staff to new ideas, methods and 
materials * there is now a shift of interest to the 
difficulties arising out of the practical implementation 
of innovations which cannot be reduead to paychologiaal 
defence mechanisms of those involved* paradoxically 
the major problem regarding educational change is not 
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mo much raslstance to change in traditional schools 
Calthough this is still a problem) but how to cope with 
change in innovative schools" (M, Fullan 1972), 

Fjcom the literatura on eurriculum development and innovation 
research one can deduce two main reasons for the daficlancias 
Qf eurriculum reform as practised so far: on the on© hand 
the separation of curriculum design and curriculum impla'- 
mentation which corresponds to a division between currloulum 
thaory and innovation rasearch? on the other hand the 
neglect of tha organisatory context in which innovations 
have to come into their own. In his sunmary of six ease 
studiaa on the change of the curriculum W,A, Reid comas 
to the conclusion that it is this gap between curriculum 
design and curriculum implementation that is above ail 
responsible for the incompatibility of curriculum theory 
and the axpariencaa teachers gain in teaching processes* 
"The gaps between theoratical formulations and the 
conventional wisdom of schools and teachers are# it would 
saem, more attributable to Inadequaaies of the former 
than the lack of sophistication cf the latter" (W, Heid 
1975) . InnQvation research tends to discuss the problami 
of innovation essentially in tems of individual or 
social-psychological categories* rhis is closely connected 
with the isolation of factors determining innovation and 
with the neglect of the historic nature of the eHternal 
conditions 1 '% * , impact-oriented studies of innovative 
projects have not produced general igable findings becauie 
thay fail to deal with the interaction of the project 
with its institutional setting" (gowey 1975^ p. 7), "Nearly 
all reports presently in the literature treat conditions 
as unchanging and Impiimentation as the result of an 
accumulation of isolated conditions rather than as a 
result of an interrelated and complex set of forces" 
(N* Gross et al, 1971, p. 31), 

To develop an altarnative concept of .curriculurn innoviition 
it is necessary to start from a concept of curriculum 
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different from the one underlying the "rasaarch-developinant^ 
dif fugion^-approach- This would make the original intention 
of the curriculum as eKpreased in the materials and their 
adaptation as reduced or amplified in the act of teaahing 
refer to eaeh other* the parts played in decisions- 

making by aims and constraints are difficult to disentangle, 
and statements of objectives are only one of many devices 
for quiding discussion^ defining decision points and 
adjudicating between alternatives* The problem has been 
noted before^ but often in terms of a defect to be 
remadied rather than a reality to be grappled with, or 
even built upon" (Reid ini Reid/walker 1975, p, 253/54). 

Such a concept of curriculuin would have to take into eon- 
slderation that the curriculum is a social institution 
determined by static forces tending to preserve the status 
quo as well as by those fostering change and that* the 
aceeptance of new practices implies the abandonment of 
old ones which as a rule is a rather painful and laborious 
process, "In other words^ studies of stability might tell 
us a lot more than studies of change" (Raid im Reid/Walker 
1975, p, 247) . 

A curriaulum theory modified accordingly however must 
necessarily devote much more attention than customary 
so far to the qualification and 'd i spo si t i on f or i nnoy a t ion 
on the part of the teacher and to the organisatory constraints 
of his activities. After all he is the main agent in the 
transition of the curriculum from the design phase to the 
implementation, "There is one thing that distinguishes 
teaching from all other professions* no change in 

practice, no change in the curriculum has any meaning 
unless the teacher understands it and accepts it" (CB, 
Beeby Lni Howson 1970, p, 46), 

The qualification of the teacher and his attitude towards 
teaching reforms are therefore highly significant, Conse^ 
quentiy, a representative survey by Kavelock and others 
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on innovation in the Amarican school syitem reveals the 
following fas tori as the main barriers to liinQvation; 
"The highaet rated barrier item was *Gonfu^lon among 
staff about the purpose of the innovation*. Almost as 
strong were the items 'unwillingness of tewhers and 
other sohool personnel to change or listen to new Ideas ' # 
'shortage of funds allocated for the innqvatlQn% and 
'staff's lack of precise inforrnation about ^ha innovation*" 
(R.G. Havelock et al, 1 973, I, p. 19). 

Three out of these four faetors refer to thm qualification, 
disposition for innovation and level of Inf^TOation of the 
teacher* in a careful oase study on the implementation of 
organisatory innovations Gross at al. have ilngled out 
the following factcrs as decisive for the fs^te of innovations 
the initial disposition for innovation on th^ part of the 
staff, the clarity In which the aims^ contents and methods 
of tiiii innovation are set out to the staff the guallf ication 
of the staff, the existence of the necessary materials and 
resources and the compatibility of the innovation writh 
the organlsatory arrangements of the schooJl (time-table, 
class information, grading system etc,)* Heir^, too, four 
out of five factors r#fer to the personal qULalif ications 
and diiposition of thm teacher as well as to^^ the organlsatory 
constraints on his activities* 

In a critical survey of empirical studies aw the practical 
ef f eetlvenass of innovations Fullan comes to the following 
conclusions; virtually every slgnificatst change has 

implications for changes in roles and role jf^lation ships i 
these changes must be part and parcel of th# implementation 
process, 

, , . The dynamics of the process of role change has been 
entirely misunderstoodi and neglected, Tfiir# is little 
awareness that innovations require unlearning and relearning 
and oreate uneertalntly and a concern about competencies 
to perform these new roles. Consequently ^ little 
preservice preparation la included in plan^ If or change i 
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but more fundamentally, virtually no time, resources, 
and other supports are built into learning of new roles 
in the ongoing system once the change has been initiated* 
Since these requirements are not understood and taken 
into account ; even innovations that are oongruent with 
user-objeativea often fail* 

Consequent (ly) **• new educational ideas and organisational 
ehangas that are introduced become empty alternatives inasmuch 
as they create unrealistic conditions and expectations for 
user^performance. Structural changes are necessary but 
not sufficient to bring about significant change. 
The moit effective solution can probably never come through 
the introduction of more and more innovations with additional 
resources {such as better training in new roles) because 
the eKisting systemic conteKt of the user effectively 
prevents the development of these new roles once they 
are introduced" (Fullan 1973, p* 15), 

In all this the most difficult problem seems to be the 
achievement of changes in the area of teacher/pupil 
Interaction* 

Hoetker and Ahlbrandt have pointed out that in spite of 
an extensive research literature ranging over decades on 
the necessity of individualised instruction and work in 
small groups, it is still recitation by the teacher which 
is the decisive element in teaching ^ and this on an 
international scale. Westbury tries to explain this fact 
as follows I "The interaction between the demands on the 
classroom and the constraints within it cause it to be 
a social setting that has only a limited potential for 
manipulation by teachers. The recitation is a teaching 
strategy that permits teachers to deal, in at least a 
inintmally satisfactory way^ with the "tensions that this 
Interaction between demands and constraints creates" 
(quoted from Reid et al, 1975^ p. 250). 



Whereas the requirements are relatively well known* rather 



less is known about the conatraints and their interaction 
with the requirements. 

It is still as true as ever that research and development 
efforts in education reach the teacher above all through 
written material a and Infornial contacts- "It is not 
surprising^ then* that materials have exerted far more 
influence on practice in the teaching , - , than has the 
available research," And this although only one third 
of the users "had confidenGe that they (the materials) 
were based on 'definite seientiflo proof'" (Miles ins 
Miles 1964), 

The isolation of the teacher from research and development 
means that information relevant for teaehinq is received 
basioally through informal contacts which are naturally 
confined to his professional group and a narrow local 
area. This fact has not even changed in the United States # 
in spite of the development of teacher Centers, of various 
centres and laboratories for raaaarch and davalopment and 
of comprehensive curriculum deveXopnient programmes^ On 
the contrary, as recent analyses show the traditional 
reciprocal mistrust of practicians and scientists has 
developed more strongly into the direction of forming 
negative stereotypes of the other side (cf* laldridge 
et al, 1974, p, 706) . 

The resulting distance of the teacher to the institutionalised 
research and development process is also supported by the 
results of the Havelock studyi "Once again, outside resource 
groups get vary little mention ai key factors. University 
participation receives only six mentions as 'key factors' 
(under 2%) while state agencies get only five (a little 
over 11) » Regional labs get only one mention as a key 
factor (less than of 1%) and private companlas get 
one. We feel that these findings ^re among the most 
significant to emerge from our survey, for while they 
probably underestimate actual utilisation of outside 
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resourcea^ they suggest something about the very low 
visibility of the external resource universe a§ far as 
the ovarwhelmingf majority of U.S* school districts are 
concerned" (R.G, Havelock 1973^ p, 16)* Miles tharefore 
calls the belisf in the independance and autonomy of 
the teacher in his job and in particular in his practical 
decisions in teaching a protect lire myth ^ This myth is not 
only in aontradiction to the abova facti but alio to 
the role ojE the teacher as a functionary in a bureaucratic 
school organisation I "Thus it seans likely that local 
innovativi* are restricted by the fact that the teacher's 
role is actually that of a bureaucratic functionary 
who has little power to initiate system^wide change^ 
but - bepause of the ideoloqy concerning prof esilonalisin 
alluded to above trends to resist innovative demands i 
like most professionals in bureaucratiq organisations" 
(Miles ini Miles p, 634), The effect of thii is 

also# of oourse^ that innovations on a local level can 
only to a very liTnited extent be started by the teacher 
himself and that levels of educational administration 
and political deslsions enert a muoh greater Influence, 
Miles summarises this as follows i in moat cases 

the initiation for change in an educational system appears 
to come from outside . . , Moving now to the local system, 
it seems very clear that administrators^ as authority 
figures f ure crucial in introducing inMvatlons , particularly 
those which involve structural change" CNileg in? Miles 
1964, p, 640/41) , 

This predominance of the administration is probably even 
stronger in the more centralised Western European countries • 
In particular in the Federal Republic where extensive 
efforts in the tense of the "research'^d^velopment-^dif fusion"-^ 
concept have only intermittently been madSi polltlo^-adininistra' 
tlve strategies of educational reform are probably still 
predominant* It seems correct to suggest that the rssulting 
control of innovafcioh processes throucfh curriaula rather 
increases the problems of implementincf innovative intentions 
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m& outlined from the Anglo-Ajneriaati liter ature* ^hls^ 
hdwaver, results in a dllewwiai on the one hand t^aahars 
mrm neither auf f Jlciently dlsposaa sior qualified not Qommnd 
a satlsfaetory social status and a Mrrespondlnf position 
In relation to the educational atolnistratloni m the 
^thmtf centralised forme of currtcultim de^^lopnaiit vrhieh 
can tmkm use of this lack of prerequisites for refoann 
notlvitles in the teaching profepiiDn to xatioriallie their 
stratagles have the unpleasant side effast off being ajcposed 
to the resiitance of teaahers to forced uncompiehended 
Innovation, a rails tance vfhtch then leads to the previoual^ 
deseribed phenomena of interchange of almi and means, of 
wrong lahals and of wong integrmtloJi of innovations in 
praatlc^* 

If, however^ centralism no matter v^hefcher in the senie 
of drawing together polittc-'administratlve off sclentiflG 
eoinpetenca is in no pOBition to rented^ the iituatlon, 
the dllenuna oanriOt on the other hand be solved sattlng 
the teacher free of all constraints in the hope that 
adequate formulations of the prcbleni would come up hy 
themselves* This kind of ideologic 1b contxadtctad by 
the fact that innovative processes at the SGhool lava! 
art to a significant eKtent initiated from outside and 
that the dacisiva contribution off the administration to 
the initiations of innovative prDoessea at the ichool level 
Ig not to be disregarded* It Is furthemor^ oontiadlet&d 
hy the fact that innovations if tifyl^g to avoid the probliin 
of the 'side effects' can only hm Implenteiited sy sterna t leal 
arid as procasBes at the mm\m time. Finally ^ It doei net 
consider the problem of the laarcity of rasouraes, 

Tfht alternative ^central or local aurriculimi development" 
li tha wrong kind of quaatloni "Sucoe^iful implementation 
wo\iId mean the ability of the inptlttition to be TeiponBlve 
to centrally or aKternally developed and/or directed 
Innovations, on the one hand an, at the sante tlm^^ the 
ability to develop a creative growth and Intprovement process 
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within the institution itself" (P. Dalin/M* McLaughlin 
1975, p. 20r of. also Dalin 1973, p. 179). 



Educational institutions on a local, regional and national 
level have to make their individual^ specific contributiona. 
The contral difficulty in their communication and co-^operation 
lies in the development of a common view of the prgblem 
and of differentiated tasks developed on this basis. The 
phase of problem identification ^ however, is one of the 
poorest in the common innovative concepts and the correspondin 
practice: "This phase is seldom based on systematic data- 
collection about needs and priorities in development. 
Usually problem identification is an ad hoc exercise * 
seldom based either on careful examination of present 
needs ^ or on long-term educational or integrated social 
planning" {Dalin 1973, p. 107). 

The connection with the deficits in the area of evaluation 
of innovation is obvious. "Since problem identification 
and the formulation of objeetivee is weak, evaluation 
consequently cannot be strong" (Dalin 1973^ p. 143). 

It is therefore no surprise to find Miles sayings "Yet, 
judging from the chapters of- this book, a near axiomatic 
statement is thisi Educational innovations are almost 
never evaluated on a systematic basis" {Miles 1964, 
p, 657) . 

And even ten years of further efforts in educational 
reform seem to have changed nothing: "Unfortunately, 
however, systems evaluation is seldom part of the 
innovation process. We do not know, and most innovators 
do not know either, if the innovations are really working" 
(Dalin 1973, p. 232) , 

It seems that the established methods of eyaluatjLon 
are one of the key factors in the growing estrangement 
between the practician and research and development 
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institutions. "The pooplo running the programg of ton see 
evaluation as an effort to kill projects that are dearly 
loved, and which have cost Bweat, blood, and tears at 
the local level. Ab a conacfiuanco, the local pGOplo welconiQ 
the ©valuator as much ae they would any other aseaoin" 
(M# Scriven, quoted from Baldridgf^ et al. 1974^ p. 703)* 
It ia at this point that the distanco betwecm tho per- 
spective of problems and Interesta of the practician and 
that of the educational researcher becomes particularly 
noticeable* 

An altornativG can only lie in the development of greater 
competence and readiness for ae^f-evaluatlon on the part 
of the , gractician conceivably supported of course by 
external resources (of. Fullan 1972^ p, 29). The first 
requirement for the effectiveness of this approach is an 
adequate concept of objectives and their Identification, 
On the one hand it is Impossible to lay this down once 
for all, since they are subject to continual modification 
in the light of the eKperiences made with their implementation 
as t© the adequacy of content and the organisatory 
realisabllity * on the other hand, they cannot refer to 
an isolated innovation complex or one dimension of the 
whole process only? if it is true to say that the 
readiness oX the users to implement new structures, 
products and practices is more of a problem than the 
development of a particuj^ar product itBelf" (Dal in 1 973/ 
p* 260), 

This aspect is missed by attempts to structure the process 
of task identification more systematically without funda^ 
mentally changing the linear aims^means'-relation and the 
relationship between practicians and development teams* 
hm the concept of aim is inadequately simplified and 
as the need for down-*to-earth operationalizationE and 
the Griteria for evaluation very often prsstructure the 
view of the problem and the task formation, more complex 
aims and latent functions of innovation processes escape 
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noticG. On hhg other handi nothing is achieved by an 
eclectic mnmentary solution as attempted by Havelock 
in his 'linkage model' which is less advanced than 
his own realization that to understand the proeesaes of 
production, dissemination and practical use of knowledge 
it is necossary to have a theoreticnl concept of society 
and of the essential organisatory oubsystemB that are 
part of this procnas. 

The difficulty to understand the specific nature of 
processee of problem identification and definition in 
large social organisations as opposed to individual beings 
is not solved. Instead* there is an idealistic concept 
of the etate as the neutral guardian of publj.c interest 
and the regulator of conflicts, 

"All the models presented are in some way or another 
concerned with how changes come about. But is it possible 
to treat the how-^question separately without considering 
why changes should come about, and in wh a t __d irection the 
changes are intended to bring us? 

When we introduce these dimensions we are immediately 
confronted by a political problem. Models which build on 
an assumption of neu_trali ty , rationality and consensus 
about change are? in our view, unrealistic. 
This question is directly linked with the question of 
interest groups " (palln 1973, p* 54). 

A concept of the process of problem identification to be 
worked out is apparently faced with contradictory demands: 
on the one hand it is supposed to follow up the needs of 
those immediately concerned i on the other hand it is 
supposed to be systematic. It is supposed to be locally 
adaptive as well as centrally integrated. It is supposed 
to incorporate the political conflicts of interest of the 
problems and yet to remain object-oriented. It is supposed 
to afford a maKimum of control and yet to be sufficiently 
complexi and finally it is supposed to be scientifically 
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well-'founded and yet adaptable to new situationa. It is 
sufficiently alear that much remains open. Still ? it may 
be useful to realize that Qne-gided solutions ae predominant 
BO far mark no progress and that the solution of the 
difficulty can' only lie in the reconciliation of these 
discrepancies. 

As far as the innovative potential of teacher educatlQn is 
concerned it is only realistic tu assume that teacher 
education can really change only tae personal qualifications 
which teachers bring to their tasks, whereas the organisatory 
framework in which these faculties are supposed to come 
into their own remains untouchedi This fact is all the 
more important since it cannot be assumed that in the 
Federal Republic teaching reforms on a larger scale are 
to be expected in the next few years* It must be taken 
into consideration that knowledge, faculties and attitudes 
as developed in initial training tend to get lost in the 
course of adapting to one's professional activities (cf* 
Koch 1972)* Still one can find important arguments to 
support the view that within the framework of educational 
reform higher emphasis should be placed on teacher training 
as one of the most important institutional places to 
reconcile the above-mentioned contradictions, Competenae 
and readiness for innovation are not developed by the 
teacher by re-adapting his qualifications in the wake of 
concrete changes of methods, contents and forms of 
organization. If he is to make use of, or even enlarge, 
the room for decisions whioh he himself possesses in the 
framework of reform, then the improvement of his systematic 
education which alone ensures flexibility in contact with 
innovations is a conditio sine qua non* 

The cooperation between science and practical teaching, 
one of the decisive prerequisites to effective innovation, 
is on the part of practical teaahing in need of a' 
differentiated internal structure providing the organisatory 
framework for division of work, coironunication and cooperation 
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between the practicians. A strategy of reform which tries 
to start from a change of teacher bahaviour in teacher 
education is faced here with the problem of the isolation 
of the teacher in his teaching activities* In the Federal 
Republic there exists at present hardly any organisatory 
basts to gradually overcome this kind of isolation* The 
system of in->i^rviee training for teachars is not 
sufficiently developed , from the point of view of capacity 
and organisatory set-^up to meet the demands as outlined 
above. If therefore Iggleston says? as a result of an 
OECD-conf erance on new structures of taachor education 
and teachers' tasks i "Overall it is clear that initial 
training and in-service prograjnmies are complementary" 
(OECD 1974, p. 39)* this is certainly not applicable to 
the majority of teachers working under the present 
eonditiona in the Federal Republic. However * there is 
the not unfounded hope that innovation in the field 
of teacher training will also lead to further qualification 
and motivation for in-service training which will itself 
then exert additional pressure towards the institutionalization 
of appropriate measures. 

In spite of all its shortcomings and deficiencies it may 
be said of the present system of teacher training 

- that it represents the most important organisatory link 
between practical teaching and the sciences relevant fft 
taaching, 

- that it forms decisive paradigms of teacher bahaviour 

- that it has a comparatively dif f erantiated and unified 
internal structure which could serve as a basis for the 
specification Of problems and ganeraliiation of results, 

- that in this system the problem of the independance of 
theoretical and practical perspectives and their 
reconciliation has to be faced in all its urgency, as 
is borne out by the widespread complaints about the 
lack of connections between the first and the second 
training phase, 

= that in this system the representatives of the practical 
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teaching phase have reached a level of self ^organizati 
of content which gives science the chance of fruitful 
contacts with practical reality and which can be 
conducive to the dissemination of results achieved 
so far through multiplieatory effects. 
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2,2 Conditimu ^on RaAoftm 



In contrast to the traditions in other countries, e,g , 
in Prance y the Bubjgc t_of_ mathematics at schools of general 
education in Germany had at all times to etruggla for 
recognition (cf, Th, Wilhelm 1971), A constant indication 
of the low value attributed by society to the teaching of 
mathematics and the natural sciences has always been its 
relatively low share in the schedule of subjects at the 
secondary schools (Gymnasium) i without any significant 
change mathematics has accounted for approximately 121 
of the weekly schedule ever since 1837/ and all natural 
science subjects together for about 6% (ef, Kroebel 1971a), 
The debate over the importance of the teaching of mathematics 
and natural science for general education, which continued 
during this long period of time with essentially the same 
arguments, manifested itself in a variety of ways* 

In dispute with the insanities attempts w^e made to 
demonstrate that the gubjects of mathematics and natural 
science would meet the tequirements of the neo-humanistic 
concept of a general edUGation* According to the prevailing # 
purely formal ideas of education/ which regarded the 
formation of intellect and character as something detached 
from the concrete aontent and substance of the subjects 
taught/ the learning of mathematics was credited with 
being able to promote logical thinking/ tidiness, diligence/ 
neatness etc. Utilitarian arguments were regarded as 
inadmissible in the discussion by both side,? (Riess 1972; 
Vietzke 1958| Kroebel 1966)* 

Confronted with governmental authorities, especially on 
the occasion of changes in school organisation/ those 
advocating the teaching mathematics and natural science 
emphasized the applicability and the benefits of these 
subjects in economics and for society, not, however, without 
a certain feeling of apprehension for offering usefulness as 
an argument, 
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After tha 'sputnik shock' and the debate about the 'educat- 
ional cjataatropha' in the 1960«s the issue of formal educat" 
ion^ whieh had dominated the discussion until then, was 
pushad into the background and applioability and utility 
of subject matter were aaknowledged as eritaria for the 
syllabi of general education. The teaching of mathOTatics 
and natural acianoe was legitimated "by its praatlcal 
value for tachnology and the direct applicability of school 
subjects to the working proaess in form of knowladge, skills 
and other virtues" (Riesg) • Accordinglyi the Recommendations 
of tha Ministers of Education (Empfehlungan dar stMndigen- Konfa- 
ran^ der Kultusminlstar) of 19 68 concerning the modernization of 
the teaching of mathematies no longer contained any of 
the refarences to intensifying philQSOphic eonsidarations 
as had been tha custom in earlier regulations i "Progress 
in mathematics and the advancement of modern mathematical 
GOnceptB in science which are of consequence to the 
economy, the society and the state call for the modernisation 
of mathemabics instruction in all schools." 

Evan those who at this time began to levy criticsin against 
the technocratic applicability of science recognized the 
criterion of utility but contrasted this criterion of tech- 
nological and economic utility with the criterion of "social 
relevance", whose validity was measured against the attain- 
ability of objectives of social learning, such as mancipation. 
By playing off the instrumental aspects of knowledge against 
its conffnunicativa aspects, the proponents of this course 
developed hostile tendencies towards the teaching of mathe- 
matics and the natural sciences'. These academic disciplines 
once again cmne under pressure to Justify themselves and 
remained on the defensive since no suitable concept of 
eocial relevance could be devaloped. In this situation the 
teaoher is today even more helpless than he had been in 
the earlier discussion about educational value, because his 
training did not prepare him to consider social aspects - 
he takes a strictly negative attitude or reacts cynically* 
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This last syndrome of hostility toward the teaching of 
mathematics and natural sciance further aggravated the 
eoeial uncertainty of the matheinatlee teacher in that 
it adds to tha already eKisting problems of cooperation 
(with dolleaguea from other subjects # with educational 
and social scientists) the problem of having to justify 
the relavance of tha subject matter vis-^a-vis the pupils. 

The, sgi f^grganlg_atign o_f taachags In aasooiations # unions 
etc, decisively detemlned the attitudes of taachers towardi 
the rola of education in social policy* The struetura of 
teachers' organizations is an indloation of the development 
of the teaching profession into a homogeneous professional 
group. Teacher organizations are an Important platform 
for the generalization of teachers' experiences and henee 
of consequence for their willingness to accept and generate 
innovation. 

In addition to a separation into more eubject--ralated and 
more profess ion-orianted organisations # a differentiation 
is made between unioniMd organisation and those diractly 
representing professional group interests. 

It is characteristic of the educational situation in the 
Federal Republic of Germany that the largest number of 
elementary school teachers are unionised in the GEW (union 
for education and science) while most of the secondary 
school taachers are members of a professional organisation # 
the 'Philologenvarband' # The GEW, which became a member of 
the DGB (German Federation of Labor) in 1949, began to 
develop a mora and more union-like position as of 1968, 
a fact characteriEad by the adoption of colleative 
bargaining rules in their statutes. 

Another large teacher organisation is the Deutsche Lehrer- 
varband (German Federation of Teachers ^ DL) , a merger of 
the Philologenverband (Federation of Philologists) , the 
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RaaLBchullehrerverband (Federation of Teachers at Intermediata 
Sahoola) and the Verband der Lehrar an Wirtsahaf tsschulen 
(Padaration of Teachers at Schoola of EconomicB) . This 
federation Gooperates with the qompeting organization 
of the GEW at primary and aecondary modarn schoola ? the 
Verband Bildung und Eriiehung (Federation for Education 
VBE) . The DL opposes the GEW because of the latter 'a 
support for the comprehensive sahool and for uniform teacher 
salaries* The GE^ and the DL/VBE have approximately the 
same numerical strength* 

In England und Wales the National Union of Teachers (NUT) 
is the largest teacher organization * It amnprises 501 of 
all teachers (1967). It has members from all types of 
schools, eipecially from the Primary Schools (50% of all 
members teach there) and from the MOdarn Secondary Schools, 
Since 1970 the NUT has been a member of the TUC. It 
supports the Comprehenaive Schools (H, Thomas 1975), In 
contrast^ the professional organizatinns of the "Joint 
Four'' (a merger of the organizations of the Haadmasters ? 
Head Miatrasaea, Aasistant Masters and Assistant Mistresses) 
oppose the Comprehenaive Schools and tha salary demands 
of the NUT, Its membership is made up primarily of teaehera 
from the Grammar Schools and the Public Schools. 

In France there are no professional teacher organiiEationa ; 
there is a national teachars' union # the Federation da 
l*iducation nationale (FEN), which is composed of the 
various branches representing teachers from different 
types of schools. While basic agreeittent prevails within 
the FEN about the necessity for a reforin of the school 
system (removal of social inequality) there is intensive 
disagreement batween the several branches. The union of 
elementary school teachers for exampla holds different views 
on the reform of primary school from the secondary school 
teachers, 

toiong the eountries mentioned above there are also differences 
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in the activities of the sub jeat^oriented assodiations of 
taachersi The Verein zur Porderung dea mathematlach^natur- 
wissanechaf tlichen Unterrichts {aaaociation for the 
promotiDn of the teaching of mathematics and natural 
gience - MNu) conducts annual seminars on the teaching of 
inathematics and science, as well as seminars for department 
heads and publishes corresponding material including a 
periodical. The French association of mathematics teachers 
APMEP works on the basis of action programs which are 
continually re--evaluated according to the progress of 
teaohing reforms, Thia associatipn was instrumental in 
founding the IREM (Institute dm recherche sur 1 ' enaeignement 
des mathematiques) , The APMEP also publishes a periodical. 
It has regional aub-divieions which support the work of 
the IREM and carry out the curriculum work at the schools* 
in the British Association of Teachers of Mathematica ATM 
working groups develop materials for teachers* Its 40 local 
branches as well as 4 publication aeries attest to ita 
degree of organization* 

In contrast to the high degree of organigation In the 
professional organisations ^ in Britain and the Federal 
Kepublic of Germany they comprise roughly 75% of all 
teachers organization in thm sub ject-^related teacher 
aaaociations lags considerably behind i of the approKimately 
98,000 qualified mathematicB taachera in the Federal Republic 
only about 3 #500 are members of the ^INtj, 

The APfflP in France, as we have seen^ has a considerable 
influence on teaahing reform. In Britain, where the situation 
is charaeteri3.ed by a much greater autonomy of the teacher 
in his decisions^ the representatives of the teacher 
assoGiationa have more seats than government representatives 
or acientific eKperts in nearly all commissions of the 
school Council # which is the "major curriculum body in 
England and Wales'* (J, Nisbert 1973)? they report directly 
to the associations that delegate'd them* The Schools 
council does not have any eKeCUtlve powers but it has taken 
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decisive stapg toward curriGuluin rm£orm, e,g. in the 
establishment of Teachers' Cantars, Between 1964 and 1970 
the School Council supported among other things 368 
mathematics projeets . 

The "Niirnberger Mathematiklehrpian" (NurambGrg mathematics 
Gurrisuliam) of the MNU published in 1965^ which was supposed 
to have initiated a reform of the teaching of matheinatics 
in the Federal Republia of Germany r remained an igbl^ted 
initiative, since it ran into tough opposition even within 
BWU* The teacher organizations have no influence on the 
composition and the activities off the curriculum coiranissions 
(cf. Flechsig/Haller 1973), 

This comparative outline allows us to draw the following 
conclusions for th*e Federal Republics The structure of 
teacher organizations is characterised by a split between 
primary and Sf^condary modern school teachers and graitunar 
school teachers* The position of the teacher organisations 
within tl\m. framework of curriculm reform is particularly 
unfavorable. The influence of teacher organizations Is 
mora limited than in other countries. 

In the conception of the sociology of education the over^ 
emphasis on organizational matters in the school system 
correlated with the idea that obstacles for structural 
change are primarily of a social-^psychological nature* 
Hence analyses concerning the social role of schools in 
education were limited to a large degree to recording 
to what extent secondary school teachers were prepared 
to accept refomst In addition to that a number of empirical 
surveys were conducted on the attitude of elementary school 
teachers , on their job satisfaction and on their position 
in society* Surprisingly there were no detailed investigations 
involving teachers of intermediate schools, A comparison of 
the various findings as to t aac h er_ ait t i t udes is rendered 
difficult due to the methodological defects of many surveys* 
Leading question& and other drawbacks of the survey techniques 
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used often give rise to doubt as fat as the internal 

validity of the findings is concerned. It is also questionable 

whethar results aan be generalised because samples were not 

sufficiently repreientative. These facts often contrast in 

a curloufi manner with the cost and the meticulousnass 

invoivad in the analysis of statistidal data. Not until 

the researeh group "Lehrereinstellungfen" (teacher attitudes) 

began its work in Konstan^ wag thig line of research put on 

a mathodologlGal level which is normal for empirical social 

science. 

Although it snust be taken into account that the attitudes of 
teachers obtained in surveys do not permit a direct inference 
as to their real behavior / a n^ber of general statemants can 
be made with due caution. Mong teacher attitudes doncerning 
the sodial role of education five relatively universal 
dimensions may be discerned! 1 * attitudes concerning the 
social position of teachers , 2* political attitudes, 3, 
disposition to reform, 4* attitudes toward job raquirements, 
5* attitudes concerning behavior in the claasroom. In the 
following some findings relating to 1* and 3* will be 
outlined . 

To 1 * Unanimously the surveys arrive at the conclusion ttat 
teachers feel socially inseeure irrespective of their type 
of school. This feeling of insecurity relates to low 
social prestige, low pay, lack of recognition by government, 
society, ths media, parents* Literature sees this feeling 
of being brought down in the world in connection with the 
. difficultiea teachers have in developing a concept of 
their own professional acitivitias that is characterised 
by both subjaot'-related specialization and teaching i 
secondary school teachers as well aa elementary school 
teachers find themselves cought up in the diohotoiny of 
'specialist versus educator', 

Objectiva reasons for this feeling Of insecurity are to be found 
In unsolved problQtns concerning teachers' salaries, disappoint- 
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ment it\ the fact that promises of reform were not honored, 
the dependence of educational policy on economic fluctuations 
the riiing unemploynient of taaohers which coingides with 
a shortage of teaehera* 

To 3. ^he eurveye conducted bo far fail to give a praeiee 
dafinltJLon of the term reform and use only general, at timea 
questionable indicators for disposition to reform* They 
concentrate abov^ all on two factors i attitudes toward the 
threebapanch school system versus attitudes towards the 
comprehenaive school, and the attitudes vis-^a-vis the 
ideology believing in a predetermined intellectual ability 
of pupiXs* On this basis, a more accurate assessment of 
the wiXlingness of teachers to support specific reforms 
in schocil can only be speculative* 

Despite; the increasing demands for participation in decision-- 
making taachers did not react positively to demands^ 
implicit.ly stated in a recent survey, for autonomy of 
the school or the teacher in matters of curricula , for 
example (Susteck 19 75) . 
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3* Hm foKm ioK Rotating Thton.y ta PaatLag in TgachiA EdumtLon 



This chapter outlines more recent developments in teaeher 
education. Here we are faced with the diffieulty that there 
are diffarant trandi of developmant in tha various countries. 

In the Federal Republic where there is traditionally a 
partieularly wida gap between theory and practice, the 
changes in the field of the 'basic educational sciences' 
(psychology, sociology, aducation etc*) predominate the 
discussion. With empirically oriented positions gaining 
ground in these sciences after the war a corresponding 
shift in the content of theoretical training took places 
while training methods remaind unchanged. During the 1960s 
there was an advancement of socio-critical positions within 
education and related social sciences i the concept of 
emanicipation began to play a central role in scientific 
discussions and political controversies concerning the 
educational system* In connection with that the phenomenon 
of 'practice shock' { 'PraKisschock' e#g. Koch 1971) was 
rediscovered which describes tha influence of the transition 
from the first (theoretical, university-oriented) to the 
second (practical, school--oriented) phase of teacher 
training on the student teachers. The training in theoretical 
foundations of education was subsaquently more related to 
a broader concept of social sciences, and increasingly 
focussed on the creation of stable basic orientations 
which are meant to survive the transition of the students 
into the new ' socialiiation environment' of the school. 

In 3.1 the theoretical training in educational sciences 
of Herman secondary school teachers which accompany the 
training in their major fields of study are described as 
an example for such a development. Correspondingly there 
was an urgent demand for more direct relation to practice 
within the curricula of the universities (exemplary for 
the most recent discussions i Blickpunkt Hochsehuldidaktiki 
32-35), and various ways of infflnediate contacts with practical 



fields wtr€ tried out (field explorations, inclusion of 
praQtiaal fields outside sohool, eto*) and the ambivalence 
q£ their effeqta was discavered. 

Behind this two-^track development ^ enlarging the contants 
ef and stressing general orientations in the theoretical 
part on the one hand, experimenting with praatioal 
experienoa as dlreotly as possible on the other ^ there 
is often to be found a specific interpretation of university 
and research personnel? according to this interpretation 
of university and researchers the universities tend to 
have more progressive views of education and society, while 
the school system is seen as having a ' conservative 
tendency*, which means that the eKlsting mediating problems 
between theory and practice are ascribed to the practieal 
side in a one-*sided way (BUrmann 197S). 

The realisation that one of the reasons for the 'practice 
shock' phenomenon is to be seen in the fact that most of 
the graduates lack practical skills especially with 
reference to teaching has hardly been taken into account 
in the reform of teaaher training in the Federal Republic- 

In the United States there are contrasting developments. 
According to their considerably larger research and 
innovation capacities and at the same time fewer discussions 
about teacher training with a focus on social criticism, 
there has been a tendency to concentrate on developing 
rather pragmatic methods for a closer oonnection between 
theory and practice (3*2 - 3*6). Some Of the conceptional 
problems of these methods are discussed in 3,7* The 
Competency Based Teacher Education movement (3*8) represents 
the first comprehensive innovation strategy whiah attempts 
to gain btftter control of the goals of teacher training 
and to make training institutions as well as students 
responsible for reading these goals. 

The development In the United States is dealt with at 



ralatlve length beaause it is largely unknown in the 
Federal Republic, Besides it aonaerng certain problems 
of dentral im^rtance in the relationship between theory 
and praotioe whiah have so far only insufficiently been 
tackled in the Federal Republic. 
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3.1. T/te ^^pptma^^aAy StudLu^ In MacLcMoml Se^ence 

The * supplamentary studies* (Begleitstudimn) have tradi- 
tionally baen part of the firat, inore theoretically 
oriented phase of the training of secondary school teachers. 
While the emphasis in teaeher training for primary schools 
in Western Germany has always been on the pedagogie and 
educational aspects ^ the supplementary studies of the 
secondary school teachers ^ who concentrate much more on 
aubject-related studies, are intended to introduce them to 
the pedagogic aspects of their future jobs. These studies 
include theoretical courses In educational science, 
sociology, psychology, political science and frequently also 
in philosophy I occasionally thay also include periods of 
in-practica training^ The mainly subject-abased preparation 
is increasingly questioned i and with the increase in the 
professional character of teaching the necessity graw to 
develop new concepts for the supplementary studies and to 
give them higher priority (cf *Bund-LMnder-Konunission fUr 
Bildungsplanung, 1973, II, A*7i and Deutacher Bildungsrat 
1970, Kap*lV) . 

The most important instrument of Government guidance for 
the first cycle of teacher training, which is carried 
out at largely autonDmous universities, are the official 
examination requirements for the 'First State iKamination' 
(Irstes Staatsexamen) which concludes this phaaa. The 
examination requirements of the Lander Baden-Wtirttemberg, 
Heasen, and Bremen can be taken as representative examples 
of the differences in these regulations from state to state: 
in the sequence given they attribute increasing importance 
to the supplementary studies i the weight within the whole 
examination carried by the grades received in these studias 
varies between O and 50 per cent. Only the axamination 
requirements of Hamburg do not fit into this pictures Here 
the didactics of the subject is a compulsory part of the * 
supplementary studies. 
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Requiramente for the general eKamlnation p 
1. Baden-Wtirttamberg (eKamination requirements of 1966# 
last amendmenti 1974), The "general* examination ("allge- 
meine Prtifung") is voluntary^ the results do not aount for 
the final grade* The contents of the studies correspond 
to the traditional Philosophicum/PMdagogicum, two courses 
in philosophy or educational science or cHild psychology 
are required. 

2* Hessen (eKantination requirements of 1969^ last amendmenti 
1974). Examination subject is educational science^ on 
application it can be expanded by philosophy or political 
science. The grade received constitutes i of the final 
grade in the exajnination* It is an oral examination held at 
the and of the studies. The candidate has to prove that he 
is in a position to "reflect on his fields of specialization 
on the background of the educational knowledge of the 
present". In order to be admitted to the f inai%^examination 
the candidate must have had in-practice training for a 
period of 4 weeks* 

3' Bremen (Teacher Training Act and eKamination requirements 
of 1974)* Examination subject is "educational science in- 
cluding social sciences". The weight of this part within the 
overall grade varies between i- and i depending on whether ^= 
the wrjitten thesis for the State examination is taken from 
this field, which is also possible in the case of secondary 
school teachers. It is an oral examination held at the end 
of the studies. The requirements are laid down explicitly. 
They are: knowledge of scientific methods, ability to 
analyse practical work at school with the help of 
educational and sociological theory, ability to deal criti- 
cally with didactical, cross-subject and problem-oriented 
questions , 

The Kasseler Model 1 - an example of a comprehensive cojicept of 
supplementary studies . By decree of 21 .March, 1974 the 
Minister of Education of Hessen has exempted teacher training 
at the university of Kassel from the pbove mentioned examina- 



tion requireinents and turned teacher trainlnf there into a 
i^del project* Within tha scope of the Blldungsgesamtplan 
(regulations for an educational framework) for teacher 
training (two-cycle training, including in-pfaotice 
training and subject^related educational studies in the 
first phase) this model turns the former supplementary 
studies into the oentral field of studies ("Kerhstudium") 
determining the oontents and organization of the other 
fields, thus attributing to this field more importance 
even than in Bremen* 

The "Kernstudlum". ('core studies') conatitutea one third 
of the total number of courses? the topic for the thesis 
can be taken from this field. This means that it is of the 
same importance as the two fields of specialisation in- 
cluding the subject-related educational studies* 

Since this model project has been in existence only for a 
short period of time there have been few tangible results 
so far. 

The first characteristic feature of the aoneept at Kassal is 
that the "Karnatudium" deliberately is not built up on the 
traditionally isolated scientific diiaipllnes (educational 
science^ political science, psychology i sociology) * What is 
aimed at is an integration of the individual disciplines 
and their different aspects taking into account that "the 
educational work of the teacher is regarded as a social 
activity". 

As a consaquenca the "Kernstudiian" ii arranged aacording to 
"fields of concentration** I 

(1) political system and society 

(2) socialization/social learning 

(3) school and the firm as training Inititutions of society 

(4) curriculum/teaching . 

Another characteristic feature is the subdivision into three 
phases of acquiring knowledge in these fields. In a first 
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phage it is tried to "mH^ the student conscious of and 
remove the individual and clasi-^spesif ic restriotions on 
eKperienoing the reality of lociety and his owrs ael£"i in 
the second phase icientifia knowledge and methods are 
aequirad and a critical diitance with regard to methods 
used in inititutional pwee^U'^^s is developed i in the 
third ^nd last phase it is a question of coming to terms 
with the practical side of teaching from a theoretical- 
scientific and behaviout^^Qr tented point of view, which is 
to put the student into a position of being able to "tackle 
contradictions and aonflieta in the sense of changing 
psycho-social and institutional reference structures in an 
emancipatory way." 

A third characteristic feature is the inclusion of in-practice 
training at school in the **Kernstudium"* Hera too, we find a 
subdivision into phases i explorations of practice in the first 
phase are followed by teaching jobs parallel to the studies in 
order to scientifically analyse^ plan and carry out teaching 
tasks in the second phase* and supervised in-practice periods 
in the form of projects under actual school conditions in the 
third phase. Especially the second "and third phase come under 
the joint responsibility o£ social and educational science # 
science and didactics ©f the subject, 

Trends and problems t An evaluation of the various eKamination 
requirements and their revision over the last few years 
reveals a number of trends showing the pressure towards an 
increasing prof esslonall^Ation of secondary lohool teachers s 
^ increasing share of supplernentary studies to a point where 
they are equal in importance to the subjects-related studies | 
reitrlcting the toplci in supplementary studies to educa"s 
tional science, eKtending them at the same time into social 
sciences I 

*^ a shift in the eontint "of these studies from the history of 
t ideas to a critical evaluation of subjects, knowledge of 
\ methods I etci 





- trand towards standardising supplementary studies through 
taaQhet training acts. 

A niimbejf of important gu_e_st:i_on_S y however, remain unaolv^edi 

- There is a lack of concepts for structuring the content 
of supplementary studies i which at present is more a 
eonglomarate of educational and social sciences. 

- V^at is needed is a constructive oontent-^related relation- 
ship between supplementary studiea and didaetics of the 
subject and the subject itself. 

- Supplementary studies and the second phase must correspond 
to each other. 

- In-praotice training at school as part of the supplementary 
studies must be integrated into the whole course of studies. 
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3 . 2 Hwmn ^ttcutto^ t Staining Teacher Edaacution 

Education within the school is an interparsonal process 
in which the teacher is the central f igura of many 
different interactions. In recant years there has bean 
increasing emphasis on 'social conpatence' (E* Beckar 
u,a, 1970) as a part of the teacher's professional 
qualifying profile. The compatancies which are normally - 
not very systamatiaally - attached to this concept often 
comprise the following s adequate perception of one's own 
self and others i reflection of one's own role behavior, 
sensitivity foar group processes, compatanclee in 
communication and cooperation with others, ability to 
relate to others, genuinanass, empathy, ability to handle 
conflicts adequately (e.g. Freudenreich at al. 1974, Prose 
1973, Bishop 1973) . 

in Germany many different procedures for improving 
interparsonel compatence are summed up under the collective 
name of "groups dynamics" (cf . Meyar-Althof f at al. 1975) . 
Thasa procedures have amarged out of different scientific 
traditions (human relation approach of the sociology of 
organizations, branches of psychotherapy, antifascist 
traditions of social psychology around the school of 
Lewin etc,)* Heading 'affective consequences of teaching' 
Bishop (1973) states a growing urge for introducing 
^3lements of human relation training into American teacher 
education. The reasons given by different authors refer 
to different realms of action and to diffarent goals within 
teacher education - 

There is the special attempt to improve teaching behavior 
by a general increase of interpersonal competencies of 
teachers. Soma authors approach the problem by training 
in special behavioral skills ( "socio^lntagrativa style 
of leadership behavior" Tausch/Tausch 1972) and often 
relate it to the goal of a "damocratigation of the 
teacher^/student-ralationship" . The last annual sets of 
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tha Journal Applied Behavioral aeienees and iti German . a 
eorrespondent journal "Gruppendynanlk" contain itudies ' 
concerning prablems tod eKperienees refering to teaehing 
and tsacher education « Beside others there are reports 
of experiments with group dynamics within acienee and 
language aourses (of* Rttokert 1974, Le Bon 1972), 

If the teaoher is seen as a socialisation acfent in his 
relationship to his students, the demands to his interpersonal 
ooinpeteneies are even higheri "Within the proaess off 
secondary soeiaHiation the teacher is the deciiiva multiplier 
To which extend hm is of any help or doing damage to his 
studantsi he is seldom aware of" (Mahler 1974, p* 9?), 

In its present form the teaching profassion is more than 
many other professions running the risk of a 'deformation 
professionelle* # This is due to its low degree of relief 
by a professional specialisation aadto a variety of 
institutional constraints. Latest since the well-known 
work of Th, Morno "Tabus tiber den Lehrerberuf" 
(1965) it has bean pointed out that the teacher is 
specificly susceptible for the deficiencies of his 
profession which result from the specific structural 
problems of his job, "The heavy psychic stress to which 
the teacher is exposed in his educational activities has 
been the topic of many publications * • . , a detailed 
psychohygiena of the teaching profession , however # has 
never been proposed" (Ddrlng 1971# p, 192) • 

A different reasoning proceeds from the fact that the 
teacher cannot be qualified for a lifelong professional 
activity during a preservice^-training period of only 
some years* Tharafore it should be relevant the development 
of learning strategies which refer to his everyday 
professional life* Learning strategies of this kind are 
the more efflcient# the better the abilities have been 
developed for self ^perception # self ^diagnosis and for 
getting feedback from others (National Institute of 



Eduaation 1975, pp. 42). 



In aonnection with afforts to gmt the notion of the 
' innova t Iva teachar ' into more precise terms the faat 
hai repaatedly bean emphasigad that innovative behavior 
within bursaucratia institutions requires a high degraa 
of readiness to take risks # to tolarate stress and to 
behave fleKibly (Praoh 1972* Flttkau 1972). m adequate 
seif-assassmant and the clarification of individual 
uncertainties is a necessary precondition for teachers 
to get a realistic estimation of their scope of action 
which in turn is necessary that thay can make the best 
use of it in cooperation with others (FIIIouk 1972* 
p, 329) * Finally the foinnation and change of attitudes 
by which innovative behavior is controlled depends upon 
affective processes* Some in--sarvlca training institutions 
in the Federal Republic of QmmmY attempt to relate 
hmnan relation training for teachers to concepts of 
political education which intend to help teachers 
becoming more aware of the institutional and political 
conditions of their fields of action (cf • Htippauff 
1973). ' 

Humari relation training procedures can be located at 
dlfferant points in teacher education i 

it is a wall known and often deplored fact that 
during academic education the cognitive dimensions of 
learning processes are stressed, while parallel affective 
processes hampering or promoting learning and leading 
to isolation or solidarity are officially not taken notice 
of - 

- with forms of skill-training^ e»g, microtaachlng, where 
it has been seen that ego-involVOTent is stronger than 
with the usual academic courses # group dynamic preparatory 
eKercisas can have the important function of practising 
how to give and receive feedback in a way that is sensible 
and does not endanger self-esteem (Wagnar 1975), 

during the first contacts with practice the emotional 
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strain on the student increases. All studies in this 
field (ef. Cope 1971) show that the first contacts with 
practic© are not seen by the students as an opportunity 
of trying out ways of behaviour which are relevant in 
teaching or testing educational knowledge by applying it. 
They rather interpret them as situations where they 
personally have to stand the test, where it is important 
to gain self--conf idence and where adaptation to the 
future social environment is essential* 

The whole complex of psycho-social problems connectad 
with the teaching profession is experienced by the taacher 
only when he starts teaching on his own* There are a 
number of studies and analyses, based on experience and prac- 
tice # and concerned with the difficulties of the probationary 
year and the ways in which young teachers overcaine thym; 
Ryan (1970) can be regarded as eKemplary hare. The 
attempts of the young teacher to master the situation 
in the classroom is compared with 'Robinson Crusoe's 
fight for survival' (Ryan 1970, p* 169)* 

Problems of discipline, subliminal struggles for power 
with the pupils, the danger of perpetual conflicts in the 
unaccustomed social enviromnent, and general uncertainty 
and overstrain due to a lack of experience make a 
permanent learning by trial and error unavoidable (p* 177ffF 
similar in "Jahrbuch ftir Junglshrer 1975"). The discrepancy 
between the institutionally influenced role eKpectations 
and the desire of the young teacher to shape his new 
role^ which arises out of his socialisation so far, must- 
be solved. 

Generally the teacher is prepared for the psycho-=aoeial 
dimension of his profession only in almost primitive way, 
which is due to the predominance of cognitive aspects in 
his training* In the academic environment socalled 
'personal problems' are pushed off into the private 
sphere although the restructuring of attitudes and patterns 
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of behaviour is carrlad out in the conteKt of training 
and influenced by it. These problems are particularly 
burning in fields where the character of communication 
and coopetatlon processes favours the individualiiation 
and iaolatlQn of those involved in the soiantifie 
proaess. 

If one can regard the studies on the personality etructure 
of students in inathematics and sciences as plausible 
(suimnariged in Hubar 1974^ or Relfl 1975) then processes 
of sal£"»selection at the beginning of the studies and 
the aubsaquent socialization in a sub 'culture' bearing 
the imprint of the subject lead to an inclination towards 
certain ways of perception and acting? which need to be 
subjaeted to self ^ref lectiori precisely for the reason 
that they are essential for the interpretation and 
shaping of the professional role but which are completely 
excludad from the fields dealt with in sub ject^-r slated 
studies, The subject-^related soaialiiation hare runs 
counter to the developnient of prof assionally adequate 
behaviour tendencies in certain 'dimensions^ 

Naturallyf the appllaation of group dynamic methods is 
only ogg possibility of correction as they have no direct 
influenca either on organisational conditions or concepts 
of science* As far as the effectiveness of group dynamic 
methods la concerned no uniform picture can be drawn 
because of the heterogeneous character of methods and 
theoretical background and the vatiety of conditions 
under which they are applied. Attempts at an evaluation 
are rarely made apparently because of methodological 
difficulties and because they would interfere with the 
methods themselves , The diacusslon revolves around 
normative- ideological aspeets (a£* Horn 1 969 ^ Meyer-^Althof f 
at al. 1975) . 

While in the United States human-^reiations methods are 
gradually gaining ground in teacher education ? in West Germany 
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there hardly any develqpmenta worth inantioninq. In 
addition. tQ innovation-^barriers that can aasily be named 
this is ^IBO due to the faat that there is a lack o£ 
qualified trainers* Group dynamias has established its 
position in the sphere of private services and thus 
drains the eduaational sector of competent personnel. 
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Knalyais of classroom instructioii comprises methods whieh 
describe initrvGtlonal proaaeses by using uniform criteria 
that can hm operational i^ed. Such methods have among Qthers 
baen de^va loped in connection with raseardh on teaqhlng under 
the aim of constructlrig and eirpirically founding a "desarlp-- 
tive" theory of inBtVMCtiont ot teetlng particular hypotheses 
about the teachiiig process and ahout the ef factlveness of 
the teachers behaviour^ and finally for finding empirical 
support for normative concepts of initruction, A survey 
of the 100 most popular procadures Is given by Simon/Boy ar 



For practieaL TCasons v/ithln teacher education these methods 
can only be employed as long as they are eHtremely aimplas 
categories must he easy to laern, it muet be possible to 
a^ctract the evaluation rapidly and rallably, The interaotton 
analysts systeni davelop^d by Flanders (1970) has become the 
moit freqtaently applied in taaeher training* Acoording to 
Freoh (1974)^ this is becauae It is one of the itiost sinipla 
proaaduras, because it olalms to daal with an assential aspect 
of teacher behaviour^ namely controlling behaviour authority ^ 
and because it includes a norinatlva-^lritentional aspect* 3n 
spite of that^ the Flandars method is rarely used in West 
Germany, vhioh may be due to Its ohvioue shortcomings <ef* 
the criticism by Spanhal 197U Rumpf 1 969, Mlei/V^ogel 1974). 
Ths Flanders method has there fiore been ohanged sarval tiitiess 
refined by the introduction of sub-catagorles , supplemented 
by adding complfflmantaty * speci-ally ecgnitive dimansione, 
facilitated in its evalmtion mathodj and being used not 
so much for the training of givan oategorias with fixed 
training cbjects but rather as a starting point for general 
proGesgas of category formation. In general # however, it 
has to be said that all thoie observation methods which do 
justice to the eemplaac character of instruction by using more 
complex category structwes emnnot ba used in teacher training 
becauae the training of the observer is too complicated^ 



(1974). 
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and this applies particularly to those which adeq\iately 
intagrate aubj cct-^matter aspaGts* 

ACcording^ to Roth/Petrat (1974) procedures othar than tha 
Flanders method eKperlmented with in taaeher training in 
West Germany are thoie described by Wlnnafeld, Bellask^ 
and Wat^lawick a a well as a number of pragmatic methode 
developed partly on an ad hoc basis* Evaluation results 
vary; there Is only little definite infonnatlOTi available 
on the value of training in taaching analyels within 
teaoher education. It is seen as asaet among others 
(Reichliricf 197 5) that methods of alaa^rcoin observation 
provide one basia for feedback prOGesses in the training 
of beginning teachers and that they glv€ riie to intensive 
disousBion about the underlylnq concepts of teachingp 
Guidelines for claasroom observation written for teachers 
ntore often intend to give an incentive for the develop"' 
ment of flexible observatlori instriiinents rather than advise 
the usage of standard procedures (cfl, Bachmair 1974) , 

Methods of class lOom observation are frequently used in 
research on teachincr to examine the postulated connection 
between teacher behaviour and student achievement. The 
deficienclei of these methodSj like usage of too abstract 
terms ^ lack of ccmplexity of design ^ insufficient conditions 
for generalisation I false assumptlDns about the congtant 
character peripheral conditions^ incorrect concepts of 
causality direotloii lead to research findings v?hich give 
an inconsistent picture in qeneral (cf, Freeh 1974)* 
Theoretical deficits and a high degree of irrelevance for 
practioal purposes in teacher training partly have a 
common origin, v/hich we will go Into later {of, 3.7). 

3 , 4 HicAo-tmchmg 

Microteaching CMT) is a method of situational skill training 
developed in the early * 60s at Stanford University for purposes 
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of teacher training (Alleii a^o. 1972) , Meawliila HT has been 
^mplo^ed on a broad basis in the United States In pre-sarviee 
end in-service training^ iflostly in the form of 'minicD\arses * 
for self-'inBtruGtiQn J in w^est Gerrnany at earne inatttutions 
of teacher training attempts are being made at adaptinq MT. 
Th€ miniecurses consist of instruction matarial in the form 
of films together with manuala for the teacher. In these 
filmg a number of up to tiiree teaching skills are 
charaQterlzed and presented in a model teaching situation* 
^he teacher then makes plans for a short teaching unit, 
oaxrias it out with 5 or € of his students # and in the end 
evaluates a video-^record of his own teachinq aCGOrdtng 
to given criteria. This step is then repeated with othar 
students* DiSGUasiona with colleaCTues or supervisors are 
only held at the eKprass wish of the teacher , 

The principles of this skill training prepared by discrimi- 
natlng learning and controlled with the help of video 
feedback ("mirror-TV") have been seen to be practicable 
in many respects in spite of theoretical deflcianciea 
(e^g, lack of training in analysing eonditlons for the 
application of skills) . At present about 25 minicourse 
packages for various age groups/ teaching situations^ 
and subject matters are available, Bxperienca \^ith NT 
seems to be largely positive as far as scope and stability 
of the change in behaviour^ increase in self^CQnf idence 
ana flejcibility of behaviour are aoncerned (cf, Krumn 1 972). 
In West Germany methods guided by MT are applied more 
flexibly I Individual determination of the training objective 
by the student teacher or teacher^ ielactlon of particular 
skills depending on the supervisors- diagnosis/ subject- 
oriented determination of skills, eta, Soine corabination 
^ith teohniques of group dynamiGS as well as non^directive 
behaviour of supervisors have proved to be helpful in 
reducing the fear qreated by the exposure of the behaviour 
of the iiidividual aoncerned. In Large areas of teachar 
training, however, there is a lack of technical equipnnant 
nesessary (video equipment, instruction material, model 
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From observations of the course of learning processes In 
MT^ partly backed by emplrioal findings som© authors (af • 
Wagnmr a.o. 1973^ Wagnar 1975) draw tha eonGlusion that 
tha effaet of repaatad training or conditioning is lass 
important than tha parallel process of eognitiva dlacrinl^ 
nation learning. Thue a conoept of microanalysis (instead 
of MT) was developed^ a sort of analysis of teaching with 
special reference to situational aspects* In microanalysis 
it is important to laarn how to differentiate behaviour 
ii\ mieroalaniants of teaching aGcording to categorlas. Evan 
h€re it seams important, however ^ that tha individual 
behaviour of tha trainee himself is subject to analysis. 
Finally the develDpment of suitable categDrias (froin tha 
soeio-amotional or from the cognitive domain for situations 
of Glassroom management) presents an as yet unsolved 
thaoretieal problem* 

3 .5 Pm^aol McutaAia£6 

ProtOGol materials (PM) are materials for pra-sarvice and 
in--sarviaa training of teachers. The starting point of the 
PU movemant was the influential book "Teachers for the 
Raal ^orld" by B*0, Smith (1969), in which it Was statad 
that teachers lack the capability "to analysa navf situations 
against a firm background of ralevant theory" (p* 28) , 
Teaching that is intanded to go beyond being a mare craft 
must be based on theoretical knowledge, and basic elaments 
of thaoretieal knowledge are ooncepts* The teaahar Is to 
ba provided with a repertory of concepts which halps him 
to make an adequate diagnoses of "events of educational 
significance'* In the oase of "instructional situations" 
as well as "extra elassroom situationi" (p. 52) * The training 
of behavioural techniques Is noi aimed at directly. Therefore 
protocol materials consist mainly of audio^visual material 
prasenting "slices of reality" and serving the purposes of 
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illustrating important thaoretical coriGapts. The fact that 
the material aan be reproduaed as well as the fagt that tt 
is concept^oriented are regarded am an advantage in 
Gcmparlion to learning in non^reproducable practical 
situations or with the usual obsarvation methods. The 
PM movement^ promoted by the U,S* Of floe of EduGatlon, 
has so far developed units in the fields of educational 
psychology f language, literature ? reading, social seiencesr 
and teaching competenQies . The production of PM involves 
a great deal of theoretical problems. T/^hile B.O. Smith 
started from situations ralevant in teaohing as the 
central element ( "situations'^f irst""strategy ") this could 
not be carried on due to a lack of research in teacher, job 
analyses^ Gradually the focal point shifted more and mora 
towards concepts ( "concept^ first^^strategy") . A "Maiter 
Coordinate Plan" (B.O* Smith 1973) was developed, which 
providad a basis for the originally rather uncontrolled 
selection of concepts from all reference disciplines, 
a basis which was of a more taHOn^mic than theoretical 
nature* The attempts to illustrate an increasing number 
of concepts with the help of staged "teaching episodes' 
made inany authors auspioious of a * congept overkill' i the 
'real world' , for which the teacher was supposed to be 
trained seemed on the way of degenerating into an artificial 
world constructed on the basil of the conceptual systems 
of the various disciplines. 

The production of PM involves great expense* The iteps 
in the development ^ creation of a theoretical reference 
syitern, selection of concepts, decision on the media"^ to 
be used, staging the classroom episodes, aiid production 
of technically servicable film material ^ are all eHtremely 
complicated. The development of proeesa can only be coped 
with by joint efforts of various research and development 
institutioneSp 

AS the PM movement follows the traditional innovation 
strategy off research ^ development diffuaion, dissemlnatior 
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and user-Qflentatioii represent tha most difficult problems* 
An adaptation for Weit Germany would certainly involve great 
eKpense for development bacauea of the cultural diffarances 
and their effect on the salection of relevant oonceptg as 
well as situaitlonB* There do eKist, however, parallel efforts 
in Wast Garmajny in form of a modal eKperiment set up by 
the Ministry of Education of Hassan, where audio-visual 
material for the illustration of innovativa teaching 
behaviour was developed ( Analysemodalle 1974), The effectiva- 
ness of In teacher training has not yet bean suffieiently 
evaluated but all existing evaluation etudiea report positive 
and stable irnprovenients in relation to the in\provemant 
of interpretation coinpetencies, Oceasionally correoponding 
ohangeg in behaviour without eKpligit skill training are 
reported supporting the thaais which also underlies the 
related concept of micro-analysis strassing the importance 
of cognitive diagnostic competencies* 

3.6 Modetd ai Tmching 

Models of teaching have always been used in teacher tralniJig 
explicitly QIC implicitly, in most cases, however* in 
connection with theoretical training and not in the course 
of skill-traltiing. Models of teaching as a connecting link 
between theory and practice are particularly well suited 
for use in teacher training bacausa of their descriptive 
as well as pK-ascriptive character (salMann 1975}* Information^ 
however, about the large number and great variety of existing 
models is BQ limited that the resources for the improvement 
of educational decisions and the stimulation of innovative 
behaviour that lie in knowledge about alternative models 
are not ueedr h remarkable survey by Joyce/Weil (1972) 
with the title "Models of Teaching" that has gained 
influence in teaeher training in the United States uses 
as its basis a preliminary selection of 100 teaching modela 
from varioa^ fields i "Included ware the worka of counselors 
and therapists like Carl Rogers, Erik Erickson, and Abrahain 
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Maslowl learning thooriets like Skinner i AusUb#l# and Bruneri 
devalopmental psychologists like Piacjet, Kohlb^rg, and Hunt; 
philosophere like Dewey, James, and Broudy, Curriculu^n 
davelopment projects in the academic subjects and speGialists 
in group dynamice provided many examples « The patterns of 
teaching from the great eKperimental schools like Summerhill 
made their way onto the general list" (Joyce 1973| p. 390)* 

Accordinq to Joyce's definition a model of teacphlnq aonsiets 
of "guidelines for designing eduoational environments through 
specifying ways of teaching and learning to aqhieve oertain 
kinds of goals. It includes a rationale of its likely 
effectiveness and may be accompanied by empirJlcai evidenae 
that it 'works*" (Joyce a.o. 1973, 48), 

The models were grouped into four large f amil i©s representing 
different basic orientations as to the nature oi the 
teaching/learning process i 

1 , Social Interaction Models. They relate to prccasses in 
which reality is socially constituted, ModfXs of this 
orientation mainly are directed toward the improvement 
of an individual's ability do relate to others and at 
developing democratic processes in society 

s 

2, T he Information processing Models. They reiate to the 
ways in which human beings react to outside atiirtuli, 
process information, find problems, develop concepts, 
find solutions to problems, and use symbols Models of 
this orientation primarily aim at the devalDpment and 
perfection of such competencies* 

3' Personal Models . They emphasize the process.#a by which 

an individual constructs and organizes his 0^ hsr reality. 
Models of this orientation mainly are intendled to help 
the individual in establishing a productive relation to 
the environment and in gaining a positive self^asiassment . 

4, Behaviour Modification Models have evolved firom attempts 
to develop efficient systems for sequencing learning and 
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shaping behaviour by manipulating roinforcement . 



Starting from this classification a programme for taaeher 
training was davelopad at Columbia University, New York 
(Jpycii a.Q, 1973) s "A design for teacher aducation haa been 
made around the concept of provldinq teacher traineag with 
the theoretical understanding of i:ha major models of teaching 
and the clinical competence to employ them in the claesroom" 
(p. 47). 

The training programme aaeigne to each student, independent 
of hia major field, the task to familiarize himsalf with 
three models from different model groups in the following 
itages; Stage 1 constitutes an eKploration of the theory 
of the model, stage 2 demonstrates the model using 
audio-^fisual material, stage 3 invDlvea peer teaching, 
stage 4 is microteaching practice with small groups of 
students and stage 5 consists of application in a nomal 
claisroom situation. Parallel to this work with the three 
models various teaching skills are trained which have 
proved to be useful if mastered in advance* At present three 
skills form the bulk of the component i structuring, 
modulating, cognitive level and focusing. Other essential 
elements of the progranttne are feedtoack'-processes^ continuous 
increase of the share of the practical part, and subject- 
related educational seminars to relate the models to the 
subject contents. 

The smaller studies on the quality of this training 
programme carried out so fa:^ prove that students can 
acquire the basic teaching competencies largely independently 
from their own preferences and independently from the style 
of teaching of the adviser i soma models, however, are 
apparently more difficult to master than others. EKperience 
gained at Columbia University seem to suggest a more detailed 
eHamlnation of the idea of "models of teaching as the cara 
of teacher education*' (Joyce a.o. 1 973) as a concept for 
improving the way In which teacher training relates to practice - 
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2.1 Tiu-OHij and VrndUo. and Com^ptaaX4.z(ULQn 06 Teaduwg 



Any attempt to syatematiGally tim theory and practice 
closer together in the training ot teaahers presupposes 
a GonGeptualigation of what makas up the core of tha 
activity of the teacher i teaching itsalf. In comparison 
to the relatively highly developed atate of scientifically 
based theories of learning^ tharta ^re admittedly many 
but not in the mBmrn sense acientiflcally based theoriea 
of teaching* despite the eKistenc^ of many diverse 
research efforts (Peger et al, IS'^O) . The reasons for 
this may be attributed to dlfferi&nt sources s either to 
the widespread misconception that provided the existence 
of an adequate theory of learnlnfr the technicalitias 
of teaching could be derivad firosn the empirical aapects 
of teaching simply by way of "reflection's or to the 
fact that teaching processes are itruoturmlly more compleK 
than learning processes and thus l^nd themselves less to 
theoretical or empirical analysis* What Lm specific about 
teaching is its intentionality s ranching is an activity 
which aims at producing learning^ ^ny theory of education 
therefore presupposes a concept of iearning and cognition, 
^nd beyond that calls for ideae on the mechanisms via 
which the teaching/learning proc^ii achieves or should 
achieve a formation of tha learntr through interactional 
channels * 

Finally it is of the greatest impa^tanca for the conceptual^ 
i^ation of the teaching procese that the type of learning 
which is addressed within the frTOWork of teacher education 
takes place in a social institution spacially designed for 
learning purposes^ namely the school # This establishes 
important basic conditions for (irt^school) teaching/learning 
processes 1 where learning becoma^ t;ha main purposes of 
permanently regulated social interaction, there arise 
problems in the ielectio^n of objectives and contents, 
problems of control of largely asymmetric interaction 
between teacher and pupils problOT^ of diacipling (for 
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the purpose of m^in- training topic-aenteK^d conOTUnication) # 
and problems of motivation g the institutionalization 
of learning procMsea araates secondary jnotivation, whose 
devalopment cannot be dispensed with, while at the same 
tirte deficits in Intrinsic motivation ara being created 
by the procesa itself (Luhmann 1974), 

From what has been said so far one can conclude that 
theories of teaching presuppOBe - compared with theories 
of learning - a considerably more complex conceptual 
framework and at least implicit decisions about a number 
of normative premiBeSt These premises relate ^ among other 
things^ to the function of public educationf the role 
relationship between teacher and pupil, and the relationship 
between an indivWual and society. 

In face of this fact it is not surpriaincj that there is a 
tremendous amount- of dif f icult^to-'compare conceptualizations 
of the teaching p;focess* 

The abundance of aspects contained in the proceas of teaching 
makes it necessary for any attempt at graiping this process 
to reduce this complexity to a pragmatic level. Therefore 
the term 'model' (didaktisches Modell? model of teaching) 
has been adopted for the concepts of teaching* 

Models of teaching always contain a descriptive as well as 
a prescriptive aspect i on the one hand they can be used for 
the purpose of analysing and explaining processes in the 
class room^ in a research strategy sense ^s heuristic^ 
theory-f orming^ prognostic instruments ^ on the other hand 
they can be used for the planning^ control and evaluation 
of teaching processes. The attending orientation of 
objeatives in the development of models, which is more 
□Kplicit than in the development of theories, permits us 
to be more conscious of the necessary selactions and 
facilitates the regulation of the selection process under 
given objectives , 'Model of teaching* is a key concept of 
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action-oriented didactics , "bacause this is the thrtihoXd 
between aognition and action, research and appllG^tion^ 
thaory and practise and vice versa" (Flecheig 19 IS/ S) • 
hB "the seam between theory and practice" modeXs 
teaching can take up a central position in tmohw teaining 
(SalamMnn 1975) i indeed^ the modern procedures desaKl^^d 
under 3.3 to 3,6 are based implicitly or explicitly on 
♦models' . Basically we can distinguish between thsfee 
variations of model construction: 

1, ModelB of teaching! These are outlines covigrlng lonfR 

complex teaching processes, which most frequently tml^m 

the form of a plan sequence consisting of learning steps f 

teaching episodes and situation sequences* In cld^t 

literature the descriptive te.rm "Unterrichtsgeitalt" 

(e*g* Schwerdt 1933) in used; the terms "teaching ^teat^gies" 

and "didactic action strategy" (Miller et al. 1973) mtw 

to the same thing. Also included in this category the 

models mentioned by Joyce/Weil {1972) as well ai th« moflels 

which Blankert^ (1969) and Walton (1971) compiled in 

larger groups of "basic patterns of teaching" , 

2* Item models; These are models of smaller m^gmmtm of 

a teaching process such as teaching episodes f mlrtisitu^tions 

which are reconstructed conceptually in analogy to the 

structure of the larger unit. Another term used i$ 

"element models" (Salimann 1975) . Examples are ^'didaotia 

approach", "problem-solving", "punishment"* Models ot 

this category are the basis of many variations of 

skill- training and also frequently the training of diagnostic 

skills (e^g* micro=analysis) * 

3, Non-actual models i This refers to selections patWtn^, 
which are directed towards longer teaching aeguenoe^^ which, 
however, in contrast to models of teaching ar© not it^u^tured 
ohronologically, but apply to the entire sequence of 
teaching a uniform set of criteria of selected vatriables% 
Almost all observation techniques used in research m 
teaching can be traced back to such non^actual moduli. 
To a greater degree than the previously mentioned mo4#ls 
do they correspond to the paradigm of empirical vmmmh 
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iinci fch#y are better suited to thm formulatian of 
>iypothe:Wa concerning the intereonn^'otion batween variables* 
^Non-^Styal* models canr however if orily in a limited sense 

ui^d for the planning and confejeQlllng of teaching, 
aijice tlh^y do not provide any behwioral criteria ralevant 
to LnAi'vil^VkAl situations bayond geii«3Cal statements like 
"*t:hii tmahBT is relatively diriQtiva'' CUttandorfer at al. 
1974) , a:be absence of the prasGSiptlve and hence avaluativa 
aspect ii^ an indication for the Crtquently daplored lack 
Qt pmc^iaml ralavance in amplria^l jcesearch on teaching, 
whic. ai^o may be caused by the application of the wrong 
type oi model* 

In conalMion it can be stated that all praetically relevant 
^roca^W^a of developing qualif laation in taachers are impli^ 
citlv' W eKplicitly based on model TOnstructions, This is 
^jlso ttm for didactic behavior It^^lfi the intended 

mtiomllt^ of an actor requires him to construct a 
^Implifiied model of the real situation to deal with it* 
Ma behW**is rationally with respect to this model* and 
nach behavior is not even approximately optimal with 
raspe«:t to the real world" (Sijnon 1f 57) * It is safe to 
H^aum^ toat student teachers have simple subjective models 
ofi thm reality of teaching, inadeqv#te under certain 
pmtBpmtivmB, which in the oonnm oi£ their training must 
hm htm^ht to a higher level. It is conceivable that 
Bmh t^^fis formation processes cm only be set off against 
a bacjcgy&und of practical eKperien^e* The connection between 
''^toplloit development of theories/ t^perienca of reality 
stmtagies for action of tmmhW* (Wildt at al. 197 5) 
h« not: yet been empirically inveBticrated, let alone 
m^da apuXicable for training pu^poafea. In the United 
#tate^ir however, there is a reqent ttend to empirically 
analyw the cognitive processing ma^hanisms of teachers 
C"clinii,tt^l information processing") and the condition for 
tbeiir ^avalopment within the framework of broadly based 
:ceaeMah programs for teacher edwation (National Institute 
at M«««tion 1975) . In selective perception and processing 
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of realities concepts play an eBsential part. The importance 
of the acquisition of central ooncapti in teacher edueatiQn 
has even been turned into the guiding principle of a 
comprehensive attempt at innovation with the "Protocol 
Materials Movement" • Concepte which refer to teaehing on 
the one hand vary according to thm level of abstraction 
on the other according to their usefulness in the control 
of cognition and behavior; the more a concept yields the 
greater its distance from what is directly observable. 
Similarly Ph, G. Smith (1973, p, 33) i "The instructional 
problem in teacher educatioxi is that, typically, the more 
powerful and useful a concept, the greater the inferential 
distance". These circumstances can easily lead to the 
following problematic alternative: empiricism without 
concepts providing no constructive possibilities of 
action versus concepts removed from reality without 
productive relevance for dealing with it. In theoretical 
learning the acquisition of isolated detailed concepts 
may cause the student to lose touch with overall strategies 
for action* 

Conversely f more complex concepts may easily be turned 
into fetishes and thus degenerate into global principles, 
which will block the perceptior^ of the ifultif aceted 
reality of teaching* Similar onesldedness can develop 
during training of practical behavior by isolating 
unconnected miniskills or by drilling didactic 'attitudes* 
without paying attention to specific situations. The 
necessary selections therefore not only refer to aspects 
and situations of the teaching process but at the same 
time to the choice of a suitable _level of compleKlt^ 
among the hierarchies of possible conceptualizations. Such 
decisions can be made only by considering the entire 
situational context as it refers to objectives, subjective 
preconditions, and objective general conditions. Only 
then can the :aodel be adapted to reality and practical 
work adapted to the model. 
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In taacher education it will be not so much a matter of 
working with fiKad levels of complsKity for the processes 
of developing models but rather a question of analysing 
toe respective cDndltions of adequacy in the relationship 
between model and situation or theory and praatiae and 
of marking them useful for training proaesseg. Flexibility 
in the choice of a suitable level of theory^ however ^ 
presupposes the mastery of various levels of abstraction* 

The same is true for the r e 1 a tlgn sji ip b e twe en d i e r an t 
models of teaohlng of eomparable levela of abstraction. 
Any theory of teaching contains a host of theoretioal 
and normative implications i therefore the same two models 
may be eomplementary as wall as contradistory as far as 
different pragmatic contexts are concerned* Hare again 
the problem lies in the selection of a strategy of teaching 
(or a combination of strategies) which is adequate to 
a given situation, which presupposes the mastery or 
knowledge of various strategies as well as the ability 
to judge the conditions under which they may be applied* 
An example for a relatively highly devaloped theoratioal 
foundation of such aonditlons of adequacy has been 
supplied by Hunt (1970)^ who applies the rysuarch findings 
on the Goncept of cognitive compleKity to the problem 
of matching teaching strategies to the complexity of the 
learner * 

In Treacher educatif n it will above all be essential to 
improve the quality of the decisi n making processes 
of applying subjective modal cn epts in addition to 
improving the quality of these concepts themselvei. This 
indicates that the theory-practice problem in teacher 
education can also be approached via a change in feedback 
practicesi "A striking finding is t h at pr o_c_e g j _f eMfeack 
providing feedback on the policies or strategies used to 
make a decision is far more effective in modifying 
the judge's behavior than is Qutcgme feedback ^ providing 
the judge with the traditional 'knowledge of results'" 
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(National iMtitute of Education 1975, p, 43)* The conce; 
©£ * imnm ntodel' feedback (Hammond et al* 1972), in 
stimulating reflection on subjective processes of theory 
formation and daeision niaking would form a corractiva 
for the nmomBBmrlly inddv^idual character of modal a of 
teaching* 
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3*8 Comp^mty-^L4ijd Tm.thi/L Edu.caM.on (CBTi) 



Cl^E is thfe momt eompreheiisive reform mcsvOTent in the 
edtaaational syst^ni of the USA, It ie a rasalt In a shifting 
of the focus of innovatioii in adiiGatlon, ''Duclng the first 
half of this century, efforts to improve €dusaticn coiitar^d 
largely upon dlrcet mQiif ication of the schools. About 
1950 this emphaiis changed. While attempts to dixeetl^ 
modify tha schools contin-ued^ a mairfeedrincrease oceurifad 
in eacpenditiiras to ohange the pra- and^ In-service ttainlng 
of teachers as a vray of improving eduoatlon" (B,0, Smifh 
1915 f p. 102) , iti Innovation researoh as toIL it w^m 
gradually recognized that the teaeher has a major iroL^. 
in educatiOTial reform* Thus, after the ex tensive reform 
efforts in the field of curriculum develo^ent^ CBTE 
beeawa tha first ocniprehenBlve rafonn mQvameat iii 
teaohar education and at the same tiTna the first attiJ^^i^pT. 
to organize tha training of teachers entirely froni th^ 
practical point of view. "In its simiplist form a Qohip^tmnQy 
based program may fca defined as one that spaoif las the 
objectiv^es for training of taachera in an explicit f orm ? 
and then proceads to held the prospective teacher 
aaaountable for nneetlng tho^a objectlvas'- (Steffensen 
1973, p. V) - 

Tha CBTE movamant wag prepared by dei^elopmants in the field 
of researoh on taachinq in v?hloh teachlnLg was regarded as 
a form of behav^ior and analyzed in its alements, by the 
results of job analysis or taak analysis of tha teaohing 
profassion as weii as hy efforts to gi^a tha schools a 
greater right of pairtieipation in the training of taaohers. 
The Bureau of Ediicatioml Parsonnel Development of tha 
U.S. Office of iducation financed a number of CITE projects, 
among others that of the ^CTE, the Amerioan Association 
of Colleges for Teacher Education, 

According to the official definition of the AACTO a taacher 
training program is conipetency'-based if it shov/s the 
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foLlowirig charaeteriatlcsi 

Conipetaneias (knowledge^ siclLls, bahaviori) to be 
diitienstratad the st^idant are derived from axplleit 
coriG€ptions of teacher rolas^ stated so as to make 
possible assaisment of a stvcttnt ' s behavior iii relation 
to Bpeclfie eompatencles^ aiid made publia in advance . 

2. Crdtaria to be employed In apeesslng coinpitenciei are 
based upon^ and in harmony %;lth, spacifle coinpetenoiasi 
aKpllGit in stating ejcpeated IsYalc of inastery under 
speoifiefl conditions i and made public in advance, 

3* Asae^sment of the stiidant'i eontpetency Mm%m hia parfomanoa 
as the priinary souree o£ avldancai takes into account 
avldanca of the studeiit* s IcTOwledga ral^v^ant to planning 
fori analyzing^ interpreting, or evaluating sltuatloiis 
or behavioral and strives for objec4:ivity', 
} 4. The student* a rata of progress through the progrant is 
determined by demonstrated competency rather than by 
tinie or course oomplation* 

5* The iAstructlonal prcgrm im intetided to faGilitate the 
davelopment and evaluation of the itudent's aGhliveinent 
of Gompatencies specified" (Elan P* ^) * 

Further charaetaristics of the CBTE-Programa ara the following; 
Individualization of training , fraquant faedbask aonaerning 
learning achievement^ closa relationship hmtw^mn trmining 
and practical work in the iohools, amphails on the neceisity 
t© pemanentiy revise the astablishment of trainlnq obJectivas# 
including in this process the ocnmunities # collegei, schools 
and students « 

* 

The CBTE prinoiple Itself astabllshes neither objectives nor 
mathods of teadher training* Aeoording to current opinion 
the •competencias* include, in addition to the mastery of 
Bubjeet content, dlagnoitic-conceptual abilltias as well as 
behavioral skills* Accordingly all available proceduras 
which eontributa to the training of these sl^lllsj such as 
teaching analysis^ inicroteachlng^ protocol materials* 
training In modals of teaching ate, can ba employed within 
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the framework of CBTE-Programs* The CBTE concept is ao w^ide 
that there is room even for perEonality*oriented approaphei 
(Humarilstic Approaoh to TaaGher Education^ Cooper et al, 
1973). 

rhe Ani€rlGan scene ia alive with discussions and controversies 
pro and contra CBTE. The most significant objections are the 
follow^ing: A sum of ind:^vidiial competeneies does noi necessarily 
niaka for a eompetent teacher; behavior can be aGauired . 
' superficially S i.e. without touching or changing basie 
theoretical and normative a;:4^*;mptione. Trivial behavior 
is most aaslly opsrattton:?! ts^id^ hence the danger e^cists, 
that more complaK cogniTiive skills and more pareonality- 
spagiflc changes wil . U.. neglected* Teaching oonrtpetence does 
not autoinatically mean teaoher competenooi if the teacher 
is to be regarded as an autonomoua* critical # innovative 
individual^ a more process^-orianted education is called 
for instead of a bahavior-oriented trainingi "traininq in 
conaGious self=monitoring rather than in pc/ i^rrnance 
contpetencies" (Elliott et al, 1975, p. i3) , 

The important objection is based on the argujnant that the ^ 
e3€isting research basis for the identif ioation of relevant 
behavior competencies is insufficient* in their diacugsion 
of the well known summary of the results of raiearah on 
teacher ef f ectivaness by Hosenahine/Furst (1971), Heath/ 
Nielson (1974) arrive at the following conclusions an 
analysis of the research on the relation betwe^m specific 
teacher skills and student achievement fails to reveal an 
empirical baais for CBTE" (p* 463). Similarly B.O* Smith 
(1975) statea: "The missing factor is valid content, It 
is now feasible to develop systematic programs to guarantee 

at trainees acquire both the concepts and the skills of 
teaching* Knowledge about the procedures and tachniques 
of training, however, exceed what is known abput tlm 
effectiveness of teaching Skills and the utility of conaapta. 
Knowledge of how to train teachers has outstripped Jcnowledge 
of what to teach them" (p, 103f) . 
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Considering these obvious waaknasses^the impact of CBTE is 
astoundinq. Since 1970 "15 States 15 i^ftia IJSA have introduGad 
CBTE by way of legislation or decree, thara e^cist a series 
of national research, developraanfc'' and ^c^ centers, 
pertinant parlodical publieat ions and hundreds of books 
and "Competency-Catalogues" (Mergow 1975, p- 10). 

The most important causa for the -widespread and growing 
acceptanee of the GBTE conaapt in the US^ may be Gharacterised 
by the Gateh^phrase 'press for accountability'. General 
diseatisffactlDn with traditional forme of teacher training, 
rapidly mounting costs and a growing interest on the part 
of the GOiwnunltias in the school sy stern gave rise to the 
demands for a specification of objea^ives, for control over, 
cost-benefit relations and for establishing responsibility 
for deficiencies {Good at al. 1975) . 

The adv^anGe of modern management techniqiifi in the field of 
public administration resulted in attempts to design entire 
teacher training programs on the baslR of a^items analysis 
prinGlples (De Vault et al^ :1973).' Thc^ various^ teacher 
organlzsatiDns protested against the introduation of 
competency-oriented teanhcnr evaluatlDn prOGedures/ fearing 
a tightening of employment conditions at a time of teaGher 
surplus; political objections were raisad agalnit the 
^technocratic methods of planning (rx>riL 1973, p. 196) . 

An aesessmant of the affects of CBTl programi is not possible 
at the preient time, since the effects off more basic 
organizational and substantive reforrni of teacher training 
can be established only in thai long run; On the other hand, 
the CBTE model does offer the advantage of facilitating 
the planning of teacher training and hence making it more 
acGessible to empirical analysis as well ae unifying the 
efforts of reform. In this respect CBTE proarams can be 
regarded as "testable hypotheses" and thus contribute to 
putting the training of teachers on a more solid scientific 
bagis. The concept of CBTE may be assailable concerning 



tha detantiinittion of valid goals? its increaaing influenca 
in the USA however would be InaKpliGable* if thara did not 
exist a hug^ store of proeadural taahniques and methods 
for relatjln^ theory to praotlae in teacher education which 
are based p:cQ^foundly^ on scientific rasaarch and practical 
axparience% ht thii point the davelopnient in the Faderal . 
Republic Q^ermany saetns to be coneidarably retarded. 
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It is impossible to define tjia praetiaal fial^ ojE activity: 
... of the taachar without referring to administrative 
ednstraints^ predominating strategies of development and 
dissemination in the area of the currieulum, tJhe teaehers' 
view of their own role, and to soeiologieal mnA political 
ideas about the place and value of the educational sy stain. 
There is a wider spread tendency to identify tji^ professional 
practiee of the teacher with actual teaching TOd to under- 
estimate the relevance of activities related to organlsatory 
questions, contacts to the environment (parent^ etG#) , but 
also the planning of teaching* ^ 

"Ixperience has shown that the choice of researc^h topics is 
liable to be restricted to pedagogical and didmatic issues , 
above all on the grounds that these are the jmnt 'useful', 
A deliberate effort must be made to break thii tendency of 
isolation and restriction to purely pedagogioiil questions 
within the educational system and to eKpand th'^ topics dealt 
with to cover the role and tasks of school and education in 
social developments generally* i.a, economlci Of education, 
educational sociology, educational policy, edwational change 
ate," (OECD 1974, p, 70), - "Es gehort InEwia^hen ISngst zum 
Konsensbestand der Bildungspolitiker ? die Notv^andigekelt be-^ 
ruf spraktischer Studian lu betonen. Die PraKiTOrientierung ' 
des Lehrerstudiums wird dabei allerdings zxmmimt mit der 
Inef f ektivitMt der bisherigen Ausbildung begKyndet und eine 
stMrkere Betonung der zukiinftigen Unterrichtep^^aKis in der 
arsten Ausbildungsphase. gef ordert , 'Praxis' unifl " tJntarrichts- 
tMtigkait' sind dabei hMufig identische BegrlWt* womit ent- 
scheidende Dimensionen moglicher Erfahrung aui#^0blendat sind" 
(E. Becker et al, 1974). 

Indeed, the results of innovation research s^q^ts*t to see the 
cause of the unsatisfactory state of a theory of teaehing 
in the separation of actual teaching and the Otfcher aspacti ' 
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involved In the teaching proeess. The effects of this sepa- 
ration baaoms apparent in the incongruities between planning 
proceseas in the area of the curriculuiti developed from this 
reduced view as opposed to real professional practice (of, 
Flechsig et al* 1973/ p, 60f f ) * As far as attempts to 
formulate theories of teaching are made at all, they tend 
to neglect the particular nature of teaohing as a charaoteristic 
feature of a social institution and to orient themselves along 
the problems of interaction between the individual learner 
and the teacher. Consequently P.H. Hirst incorporates the 
Institutional point of view in his definition of 'what is 
teaching' only as an eclectic addition after having so far 
definod 'teaching' exclusively in its orientation onto the 
individual learner i "But perhaps it would be better simply 
to recognise that we do use the word teaching both for 
activities aimed at group learning as well as individual 
learning" (P.H, Hirst 1974, p, 111)* This leads to the 
paralleliam of the notions of teaching and learning as 
customary in psychological literature. Inasmuch as 
educational research tends to pursue a psychological 
approach to its subject this is co-responsible for the 
neglect of the institutional context of teaching and 
becomes at the same time praGtically ineffective, "Zu 
kurz gerit innerhalb der ReformvorschlMge die RefleKion Uber 
den ArbeitsplatE des Lehrers, durch dessen Strukturen sein 
Bewufltsein und sein Verhalten entscheidend bestimmt , , , 
werden" (Synopse zur Neuordnung der Lehrerausbildung 1971, 
p, 47) . 

If teacher education is to refer to profaasional practice 
then the definition of the concept of practice is highly 
important because it is inevitably connected with normative 
pre judgments 1 whether the teacher is to be educated to 
prasarve.the status quo, to implement more or less abstract 
utopic ideas, to be adaptable to emerging trends in 
educational politics, to have the capability of taking 
care of his own interests or with a view to long-term plans 
in educational reform, in each case there are bound to be 
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differing interests involved in sHwUons like these# 
When using data for the refoOT of twohar education as 
made available by empir* "al ocaupatlon research it ii 
therefore important to realize whl'ah model they are based 
on, because socio^-politic questionig play important 
role* School reform and reform of twchar education are 
too directly dependent on each othtair to neglect this 
aspacti "The reform and eontinous <9#veloprnant of teacher 
education is directly dependent on reform and developments 
in the school eystem and education W a whole. Teacher 
education can never be autonomoue ot Independent. On the 
other hand changes In teacher education are not to be viewed 
merely as a necessary consequenae changes in the school 
system and the field of education, teacher education is also 
a developing motive force which leid to changes and 
improvemants in the educational ayntem" {OECD 1974* p. 60). 

By ignoring this tnterlinki one easily arrives at a 
flKation of ak*'gting prGfesslonal j|>r^ctiae. There a niMnerous 
studies for each of the three araa^ racruitment, edueatipn 
and professional situation of teachits, but no attempts have 
been made so far to maka these thrti central aspects of 
professional competence of the taaoh^r refer to each other 
nor to incorporate them systOTatic^My in attempts describe 
teacher education (Thomas 1972^ p* 30 seq*)# 

It is an often overlooked fact that scientific theory is 
connected with the teacher's actlvi,ties in two notably 
different waysi on the one hand aciintlfic knowledge and 
methods are themselves contents of t'^achlngi on the other 
the organiEation of teaching and thi processes of mediation 
that occur in it£i framework need a aqientific basis* The 
teacher is simultanaously the orgawi^#r of immediate social 
relationships with strong subjective elemants and the 
mediator of predetermined^ socially modified norms ? patterns 
of evaluation ^ and knowledge. To achieve a connection, between 
these elements lA more difficult than to emphasize the 
necessity of it. Whan therefore Hirrt states, "It is 
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as much a logical absurdity to iay 'One teaches children 
not subjectB' as it is to say 'Ona teachw subjeats not 
ehildren'" (Hirat 1974^ p* 109) i this is 0#rtainly 
convinoing, but it forgets the conceptual problems involved 
in the fomulatiQft of a constructive altwnative* The 
integration of the two kinds of theory meritioned can only 
be expected on thi basis of developed prooesaes of theory 
formation which m their part presuppose dliCf erantiated 
practice. This particularly true of some fsubiects, such 
as mathematics, where in addition differences ir method 
perspeotives^ mocltls and forms of organisation faetwean 
research in social sciences and in mathematlas and science 
have to be coped with* ^ 

One can agree with Griesel's attempt to Mtablish an 
analogy "between engineering and medicine on the one hand 
and the didactic^ of mathematics" (Griesel 1974, p* 118) 
on the other sinqa it points out that the application 
orientation of the didactics of a subject aonstitutes its 
central point of J?eferancei as long as om keeps ^n eye 
on the limits of this analogy resulting from the different 
relatione of the ' individual saiences to their respective practi 
The reform concept of ^project studies' in higher education, 
too^ which does not only try to integrate the subject-oriented 
and educational p^rts of a study course buit intends to 
combine this at the same time with the devaiopment of a 
critical relationship to professional prwtice contains 
this problem as the crucial and still unsolved questions 
"Das grundsatgliehe didaktische Problem, Am die Organisation 
von Lernpro^essen in Frojekten Idsen mufi? die die Projekt- 
kriterien des Baruf spraKisbeEugs , der Ermittlung der ge= 
sellschaf tllehen Relevant des behandelten Problems durch 
die HefleKion au;E seinen gesellschaf tlich#n ^u^anmtenhang 
und der Interdia^lplinaritat erfiillen, li^gt in der Ver- 
mittlung dar Anat^nung f achwissenschaf tli^her Inhalte mit 
der so2ialwissen^Qhaftlichen Untersuehung Ih^ter gesell- 
schaftlichen Konitituierungs-- und VeTOendwgsausaimnenhange"' 
(B. Barndt u,a, 1372, p, 298 seq.). The amm problem 
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is made even more acuta by the fact that for ^oi#riot8 
relevant to teaching as alio for other applied sctea^ei 
the distance and difference between the theoretioaX 
concept , as ever refonnulated in view of situatiTOs ^£ 
application, and the practical situation itself i$ 
unavoidable and even essential, "Even where the pjrtaiptp 
constituting the theory of a task or activity aw e^pliaitly 
formulated, such are the innumerable variatior^i Xn to'flivifiual 
clafcianstances that there can be no hope of the th^OJcy 
encompassing them all. These variations will ^^gv^tx:© that 
the precepts be modified* Simply following thtm unqcitiaaXly 
can neither guarantee success nor constitute int^lli3#n1i 
practice. The precepts themselves , however^ dp tio^ pr^^orlbe 
how they are to be modified- * * * This zneans th^t whut 
precise action in particular circumstances a precept 
prascribas can only be learnt by practice" (NaiBh/*Hairtnttt 
1975, p. 15) , 

When demanding that teacher education be more BQimntlfif^ 
it is easy to miss the point that this cannot juit m^mt 
to purge practice of its handad^on 'craft wls^oyn^ to 
replaced by deductions from theoretical ihslght^^ buit 
that the main difficulty consists in enabling commun.i cation 
and reciprocal criticism between theory and esa^e^ntial 
practical experience to take place and to develop th^ 
capability of this reciprocal criticism in a ayst^mWiQ 
way. If this is not taken into account the rasuit jw$t 
the same dilemma between empiricistic situation^o^i^ntatlOn 
and 'concept overkill* which seems to have detwmined th^ 
development of the Protocol Materials movement 
is not to abolish the ♦inferential distance* as &^0. ^nith 
calls it, but to control and use it for the pu^po^ii of 
practice as well as of theory. 

The way out of the ineffectiveness of the relatiOMhi^ 
between theory and practice under the present ooftditi^ons 
of teacher education and educational research not 
up either by proposing an immediate unity of" tbio^ Wki^ 
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r*'?.^ and aspecially the pe^'iDn^l union o£ educational 

-^aea^'tth^r and teacher. "This is wafusing because while 
fche timt^ claim (without practioe there can ba no theory) 
l# tmmff it is only true in the mmm that there hps to 

sow^ practice or other for th^o^y to be poisible* But 
Clark mnts to say more than this ^ namely that it is 
logicaily necessary for all theortsta to be practitionera . 
Thiis ^n astonishinf thesia. fhm point of all my analogie 
^mu tii^t this is not how we nom.&lXf speak of theory and 
^.motim^ In other contexts it As uiual to regard knowing 
^hoxxt something and being good at toing it as two different 
thingf^^ and to treat the theory of the knowing as 
diitlin^wAshable from the theory of the doing" (Earwaker 
19*7 5r 24) * Desirable as personal TOnnections and 
tl^Kihlm transitions between thm tm systems may be, 
jf^sewah and school practice as Initltutions necessarily 
h'SsVa tliitir own respeative objects and perspectives of 
ir#alit^ which persist even againit t^ha good intentions 
of th^ ]^©rsons involved and which therefore cannot in 
^rinc3.p*X© be dissolved by them. 

It is on this level that the so-oalltd * practice shock' 
wouldi have to be discussed in ordei: to get beyond the 
phenQiifi'e^no logical di^f '^ion of the shifts in the 
^ttitudlinaJ rlimensl: i .^sed. ''Hm kame dann zu dem 

nicht m^hx Uberraauiu' l i^n ^rgefein:^®^ dmB die KuBerungs- 
jformTO und HandlungsweiJen derse^Mfi, Personen im BeEug 
mf gil«^iahe Fragen oder Autgaben in unterschiedllchen 
iiiESJfeiSftSfi jeweils andere Piind odesr gumindast sein kdnnen, 
Xn dinmrn fall wMra vor alien di© eideutung der un^fjCgr- 
^Ohia^H^hen soiialen Situation^n Mic das Verhalten und 
die ElMtellungen der Ausgebildeten analysieren und 
war m$' der Ebene der institution©! Ian Different Uni- 
V#rsttWt Schule, der Ebene dw unttrsehiedlichen for- 
mell^n Swktionssyatama^ dar Aufitiigs- und Salektions=- 
]<ritQ^i,<l^ aowie der Mechanismen ihvi:^ Ausubung (und der 

dwahietiendan MMchte und Jnte^iasen) und schlieSlich 
a^r Eb#n# der Differenz ^wischen "tbaoretischen" Situatione 
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und den Zwangen praktischer Handlungssituationen" (Bta nn 
1975, p, 28) . 



It is equally true of the relationship between theoretical 
' concepts and practical school work as of the one between 
the institutional foundations of teacher education and the 
schools themselvea that the attempt to resolve their 
differences doaa not lead any further, but that this 
difference must be made a necessary and fruitful one. 
The problem of theory vs. practice can only be solved 
through internal differentiation on both sides and through 
the eatablishmant and close CQ-ordination of levels of 
mediation. The Bimple attempt to bridge the established 
systems of scientific distribution of work and the 
restrictive eonditione of practice e,g, by referring to 
applicationally relevant problams is bound to fail in 
the long run since it assumes the division of labour 
in science and in relation to practice to be solely 
dictated by certain interests of society and corresponding 
narrow ideologies of special areas rather than also by 
organlsatory and subject-dependent constraints. 

If levels of mediation are to be affective, they must 
be developed in view of the content as well as of the 
organisatory side* Owing to the importance of irtunediate 
social relationships, of norms and ideologies for learning 
processes at school, appropriate organisatory levels of 
mediation in the area of sshools and teacher eduacation 
are particularly difficult to establish. It would hardly 
be enough to rationalize the aims-means relations: they 
would also have to encompass the levels of problem 
identification and formulation and decisions about aims* 
On the part of practice the main deficit in teacher 
education is to be seen in the great lack of personal, 
material and conceptual resources for the training in 
actual teaching which according to its claim would have 
to effectuate the mediation from practice to theory* 
On the part of the university the institutional deficit 
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is apparent in the lack of stable and affldient wganlsatory 
agencies able to refer reaearjh under the specific aspects 
of theoretical, practice^relat > edUGation to iohool 
realtiy. Even in the United States where the euyriculum 
wave had given rise to a multitude of madlating institutions 
with the task of relating research and developmers^t to 
school realtiy this has been rather inconsequential as far 
as teacher education is concerned i "The studies included, 
that there were ver^ few effective relationships between the 
R&D network and the personnel training network" (laldridge . 
et al, 1974, p. 706) . 

From the content point of view the development of levels of 

mediation takes various directions, first* in the extension 

of the topic areas and sdientific systems of referance in 

the training progranmie (of, 3*1), second, in changes in 

the conceptual basis of the sciences involved or^ alternatival^'^ 

in the development of moM recent and applicatlon^related 

directions of research^ and third/ finally / in forms of 

simulating future practical situations working with 

reduced complexity and building up the capability to 

control real situations in systematic sequences < of* 3.2 

to 3.8) , 

Questions of topic extension are for instance involved in 
the discussion about the educational component of studies, 
in particular if its function is seen In the pasaing-on 
of qualifications in innovation strategies * which includes 
knowledge of the organis^tory and political framework and 
constraints of aducational reforms, of the interests of 
society involved ^ of the possibilities and limitations 
of procedures for the organisation of processes q£ problem 
fomulation and task identification, of the management of 
innovative developments iind of the effect of inwi^^iate 
interactions and subjective dispositions on innovation ^ 
processes. If one wants "die VerselbstMndigung der ge*^ 
sellschaftswissenschaft lichen (innovationsstrategischan) 
Qualif izlerung gegenUber der didaktigch-^methodisahen ver=^ 
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hindarn, die in der Hegel nur Eur praktisahf]^ J:rralevanz 
der ersteren ftihrt" (Reck 1974, p. 266), it la neceBSary 
to extend aGCOrdingly the topic areas of the oourse components 
concerned with didactics and methodology. 

It is here at the latest that the limits of shifts or 
exteneions of topics become noticeable if they remain 
unaccompanied by corresponding conceptual transformations. 
The necessity of these transformations has become apparent 
for instance in chapter 3,2 in connection with the 
insufficiency of the observatiun procedures modelled on the 
traditional paradigm of the hypothesis=-tasting empirical 
social sciences* tf^r the didactics of a subject this 
necessity is evident - . om the cliff iculty in referring 
sociological and sul lect-related insights to each other, 
"Ea ist aber unsare These/ dafi die mangelnde BerUcksichtigung 
des inhaltlichen Aspekte mathematischer Lernpro^fesse die 
fruchtbare Aufarbeitung gesellschaf tswissenschaftlicher 
Einsichten genauso behindert# wie umgekehr in Ausblenden 
der psychologischen und sozialen Voraussei -igen solcher 
Lernprozesse nur zu einer Fetischlsierung der Fachinhalta 
und damit eben nicht ihrer Aufarbeitung fUr die Zwecke 
des MathematikunterriGhts fuhict. In der mathematikdidaktischen 
Literatur arbeiten sich diese beiden extremen Standpunkta 
oft wechselseitig lu, so sehr sie auf den eri^t^in Blick 
einandar entgegengesetzt lu sain scheinen" (Otte et al, 
1974, p, 20) . 

It seems rrMsonabIa to suggest that it is in the conceptual 
field that there lies one of the decisive bottlenecks in the 
development of a practically efficient and unrapressive 
kind of taacher education. This is shown particularly 
well by radical attempts to overcoma the inconsequential 
and unrelated side by side existence of theory 
and practice^ as for instance in the USA through Protocol 
Materials and CBTE, If the latter again and again complains 
about the insufficient resaarch basis for the derivation 
and identification of competencies of the teacher # the former 
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have difficultiQs in dissolving the empiricistic fixation 
of concepts to situations in practice without loning the 
productive connection with recility. 



teacher education and research on teacher education are un- 
usually intensive and dif f erentinted, uonceptual problems 
mean that difficulties of comniunication and information 
turn out to be inaomparably more persistent than originally 
expected* The tendency^ too, of attempting to simulate 
situations of practice in teacher training is in its progress 
likely to keep meeting conceptual difficulties because of 
tho immense problems of selection it is faced with. For 
the time being it is here that there are the limits to the 
exploittition of the potential that lies in the rejection 
of courses exclusively concerned with cognitive facultie^s 
and the development of procvidures of behaviour training 
and the acquisition of -social competence'. 

The establishment of organisatory and content-related levels 
to mediate between theory and practice in courses leads 
to a growing awareness of the degree of differentiation 
of the qualif icational profile of the teacher * This 
inc^ . . 'S subject competence, kn^ ^dge and faculties 
to iOt ^- ^ learning processes, ' he ability to relate 
act^^-'M 7:0 the social conditi nf his own activities^ 
Howe ; i / lists of qualif icatioifal di: cnsions as have been 
set up under different theoretical perspec ^es amongst 
others by HMndle and Luhmann/Schorr (cf. Luhmann/Schorr 
1974, p. 5 seq; Chr. Handle 1972, p. 72 seq . ) are only 
a first step, for the central difficulties lie in the 
distinguishing of these dimensions from each other and 
in their interrelationship. As we have seen, bo ih 
innovation research and curriculum theory are deficient 
because of their separation*' which allows important problems 
to escape unnoticed* As far as the qualif icatiunal dimensions 
are concerned^ this split is reflected in the division 
of cc/itent-related and didactic competence and the 
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qualifications which refer to the cone idGration and change 
of > -ganisatory and social conditions. 

The mediation of the two previoijely treated different 
kinds of relationship between theory and pr.ictice in 
teacihar education, main difficulty in the development of 
the didactics of the subject, also encompasses all these 
quaiif icational dimensions mentioned* This can be shown 
Q^g* in the relationship between the acquisition of 
specific contents and the implicit passing-'On of general 
ideas about schools, their social function^ their relations 
to science^ production and politics* inasmuch as subject 
contents are always connected with a specific select ivity 
In view of reality and with certain perspectives of 
changing this reality and inasinuch as ccntents can only 
be assimilated in these aontexts, they play their part 
in aim orientation and in the development of general views 
on which orientations are based* To conscious realize 
similar contexts and connections demaiHs on the part of 
the teac: ar the capability to integrate rather different 
qualifications, and this integration should be prepared 
for in teacher education. However, it i^ here that the 
conceptual gaps are felt most strongly. 

In the context of theory and practice in r.eacher education 
a certain amount of sceptical reserve seoms justified 
toward ambitious attempts at an organisatory and content- 
related integration which either totally ignore the 
conceptual roots of many organisatory problems, as does 
the one^cycle model of teacher education, or which, as 
in ^project studif^s' , underestimate the objective constraint 
and content deficits detrimental to an integration* 
"Obviously an advanced integration of studies and teaching 
praucice is doomed to failure* The practice of details and 
parts before the trainer- has acquired a sound general view 
of his subject, of the subject matter involv^^and of the 
potentialities or linutations of the latter as a means to 
the personal development of the pupils, can easily result 



in mechanical and rigid teaching behaviour during the practice 
period. Advanced integration in this sense ia also a dubious 
proposition becauee the trainee's studiea would acquire a 
short-term objective gangas exclusively according to what 
V/fls useful for the moment. A constant preoccupation with 
'useful' thinqa is liable to result in a fragmentary view 
of the subject and in a simplification of issues'' (OECD 
1974, p. 32) . 

Large=-scale in- jqration attempts in the system of teacher 
education in the Federal Republic additionally give rise 
to seep* cal reserve since the educatinn system of the 
Faderal P.epublic is particularly characterised by its 
extreme lack of mediating institutions, and, as is shown 
by the fate of the recoimnandation by the 'Bildungsrat' 
(Educational Council) to establish 'regional educational 
centres S (Regionale Padagogische Zentren) nothing is likely 
to ch^.nge in this respect in the foreseeable future. The 
de ire its in the areas of curriculum development and 
^educational research have been sufficiently deplored and 
point towards gaps v/hich have to do with the content aspect 
of teaching problems. Therefore the question suggests itself 
whether the fa^' ■ ire oE correspondingly ambitious attempts 
at j.ntegra tion as more as more admitted by their representative 
(cf. P.M. Mtiller 1 974 , for project studies in mathematics 
cf . Hinrichsen et al, 1973, p. 23) is only to be attributed 
to the gro>/ing hostility of national politics toward 
educational reforms or perhaps also to 'he insufficient 
differentiation and development of the concepts which were 
to form the basis of this integration. 
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5, ^tlwrntlaai KnoiJite.dge. and theL TmiriinQ TmahM.h 

'♦Therti was a time Aen the statenient, *l teach children not 
subjeetsS '^as music to my ears and a positive indication 
of a dimenBion of cduaational philosophy I niqhly endorsed, 
I F.till feel that way but I must confess that recently I 
have been somewhat alarmed by what I sense on occasion to 
he a de^emphasis of solid intellectual achievement. Our 
movement tow^^rd such commendabla goals as child^oriGnted 
programs, hiimanistiGally based curriculums/ pereonaliied 
school pxperiencea and open classroom are not to be denied 
as worthwhile educational directions. The tragedy is that 
many regard solid intellectual achievsnent as the enemy 
in this quest" (Hagen 1973). 

This was written by the American teacher 0. Hagen, and the ■ 
dichotomy deplored in his statement is one of the most Im*^ 
portant ones out of the many contradictory ideas which 
seem to govern the discussion of didactic and pedaqogicAl 
issues and which cause the well-known swinq of the pendulum 
of ped^qogic opinions on adequate teachinq methods. If 
therefore one wishes to find a suitable approach to the 
analysis of the current state of the scientific and 
didactic aspects of education and to make sugqestions 
for further dGvelopment without fallinq back onto those 
unreconciled positions , one cannot ^ in addition to the 
analysis of special problems in teacher training avoid 
considering the fundamental problGms of the role of the 
subject matter and the fun ction of ttie concept of content 
for the organization and planning of teachinq. 

However, we do not intend to provide another repetition of 
the topics which make up the contents of the scientific 
subject studied as part of teacher education. It is enough 
to state that the rather numerous descriptions of the 
course content seem to be in aqreement as to their essential 
points {cf. Bishop 1972). E.G. Beqle too is right in pointing" 
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out th© "relditlvo consist^ehcy" of the scientific contents 
determined by the state of devolopment of the science of 
mathematics, and the situations is similar at tertiary 
levels "I am sure that many of our teachers look on our 
new curricula ae a ravolution in school mathematics. In a 
sense this is correct, but it is meroly a small aspect of 
a revolution in mathematics itself which has been qoing 
on for a century and a half* This revolution stems from 
the work of Abel and nalois* ... There are two important 
observations which now need to be made. The first is that 
this revolution has been successfully concluded. The second 
is that no new revolution is clearly in sight. Even if 
the first stirrinqs of a new revolution might be taking 
place in mathematical research ^ its effects could not 
appear in the pre^colleqe program for qenerations. 
Consequently we can agree on the broad outline of the 
content of the mathematics curriculum for the schools* 
This content is well enough known that we need not spell 
it out here In detail" (Beglo 196^) . 

do believe, though, that this deRcription uncovers 
a number of unsolved questions and problems which are in 
need of a scientific analysis within the framework of 
the three parameters of so^'^ .ty ^ science ^ education, 
This however, woul^ go beyond the scope of our topic in 
hand . 

In what follows we are therefors ni ^y concerned with 
the question of which kind of knowledqe of the subject 
matter a teacher must have and which concepts of the 
contemt of teaching must bo developed to clarify its 
connections with the various asviacts of the teaching 
process to make it more practically controllable. The 
signiftcance of this approach for teachinq itself and for 
the teacher's view of his own role becomes immediately 
obvious when realising that to this very day the relationship 
between various groups of teachers, notably between Primary 
and Secondary Modem School teachers on the one hand and 
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Grammar School teachers on the othar^ are determined by 
differences which go back to diffoj inq ideas about the 
signiCicance of the science studied for the teacher* e work. 
Although it is true to say that (a) the difficult and 
laborious development of the principle of the subject 
teacher at primary level and that (b) the attempt to 
provide teachers at secondary level with a more professional 
educational basis, considering that especially grammar school 
teachers traditionally saw themselves as representing a 
scientific subject, have become key problems of teacher 
training, we believe that our aim of a synthesis of 
.icientific and educational knowledge and insights can 
only be achieved via appropri^.te concept of content* 

We start from the hyi^ othesis that all didactic , methodological 
or pedagoq \ r. difiyrences and all the various views on teaching 
objectives imDly differing approaches to the content of 
cognitive activities and of its development as theory and 
method. This results in the task of developing a concept 
of teaching content which provides for an integrated view 
of the dynamic ^nd systematic/ operative and objective 
nature of knowledge and which as a basts allow.^ the teacher 
to prestructure the determining role of the subject matter 
in a Dedagog ically and psychologlcaily appropriate way* 

he can only share the surprj.?e expressed in the following 
quotation by T*W. Eason on the neglect this aspect has 
met within the traditional discusiion on the reform of 
teacher trainings ''It is odd that for so long anyone should 
have conceived of education studies as specialized along 
the dimensions of, first ^il^e sequential development of 
children r and then of the four now conventional * disciplines ' 
(PPHS)^ yet overlooked what 'schooling- means to ordinary 
folk *^ the content of instruction and learning, the intellectual 
skills and conceptualizations which make up the texture and 
fabric of the growinn and educated mind. Because, when all 
is said and done, the unifying area, the starting point and 
touchstone, must be curriculum. It would make a fascinating 
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subjeGt in intallectual history (or the lanr lQcyy f lOwlodqR) 
to trace the rise and declina of that ir.J ' . wrenc ; to ..onton' , 
thaL r^sjection of the notion of piioQ^.^cf^.'.'-^d feiub jG^t^nn:\nt*-^^% 
curriculum^ whioh lifers (but only just! lu the. iininec i.at© 
past, and made this omiasion even ccnnaivable'' ,F,a 197 1, 
92). 

This fact can be explained by the current stapa of pedagogical 
and didactic research. There are three respects \n vrhich the 
situation is rather unsatisfactory^ 

= First, activities in .the didactics of mathematics and 
the developrnent of mathematical curricula have until very 
recently shov^n little interest in the theory and practice 
of teaching and the central figure of the teacher* h brief 
glance into the literature on the didactics of mathematice 
is enough to be able to say thisi the starting-point even 
if they are explicitly meant to be training materials are 
always teaching models derived from learning theories and 
not from elements of a theory of teaching. Very recently 
only have there been signs iC r ^ change in this respect , 
*'Jt is now becoming more clears/ acknowledged that the 
teacher's role in curriculum development is central. The 
teacher's status as a professional must be observed and 
it is a mark of a professional that he is prepared to 
make decisions and to accept responsibility for theni'\ 
(HowBon 1 y74) . 

Second, the immensely broad field of 'research in teaching' 
has in no way taken the problem of content into Gonsideration, 
Dunkin and Biddle, who are probably right in considering 
theii book the first comprehensive study expressly and 
exclusively concerned v^ith this aspect of teaching (cf» 
p, vii) , comment accurdlnglyr "Given the importance attached 
to the intellectual aspects of schooling^ one migh+^. expect 
that research on cognitive processes in classroom would be 
at least as prominent as research on social-emotional 
characteristics. Such is not the case, however. The 1963 
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edition of the Handbook Qf Regearch on Teaching * . * contained 
chapters on the pereonalit-y of teaeherSr the measurement of 
nuncognitive variables in resanroh on teaching # social 
interaction the clasaroum, and the social background of 
teachera ^ but none on cognitive aspects of teaching. Indeed^ 
there was only onci entry i.^rtinent to this topic in the 
entire lengthy index of the handbook" (Dunkin/Bidd^ 1974, 
p. 232), 

Nor have the eociological "schools of thought researching 
into the social natiire of the production , organization and 
di ; semination of knowledge been interested in the funation 
of knowledge in the educational systems "The almost total 
neglect by sociologists of how knowledge is selected, 
organi^ad and assessed in educational institutions hardly 
neede documenting" (Young (ed) 1971, p. 19| cf * also 
Esland 1 971 , p^ 72) . 

- Third, the lack of a translation of 'research on teaching 
into research on teaching education' (Cyphert 1972) is a 
serious shortcorning^ 

The research described above has had surprisingly litule 
influence on practicajL teachinc^ vrhich is demonstrable for 
instance from the mass of empirical data on teaching 
behavlcur as collected by Ahlbrand and l^oi^tker, ''The studies 
that have been reviewed show a remarkable stability of 
claBsroom verbal beha\/iour patterns over the last half 
century, ^?aspite the fact that each £ iccf3i^3:=ve generation 
of educational thinkers, no matter hnw b^J^e they dikf^^re^f 
has condemned the rapid-fire, question-^aiiswer patt-r^rn of 
instruction ... If the recitation is a poor pedagogicii 
method^ as most teacher educators long have believed, why 
nave they not been able to deter teachers from using it?" 
(cf. Ahlbrand/Hoetker 196?, p. '63). 

tt seems obvious to attribute this lack of effectiveness 
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to a reduction^listic ^ merely pEychologising view of the 
problema which misses the institutional anfl content'-determined 
nature of teaching: "Educational psychologists tend to regard 
the links between learning and teaching as stLong, 
Reductionalistically viewed teaching simply means the 
arrangement of external conditione for learning , . . derived 
from paychological knowledge of the learning process* 
But ,** we must begin to doubt the claim that teaching 

as a phenomenon can be reduced to a psychologlcn I process*' 
(Kallos/Lundgren 1975). 

If^ however, one turna on the other han^ ^ idactia concepts 
which keep close to the content in forn . jcientific 
analysis of the subject matter*S one nc*, ' ^ \ univeraal 
miK"Up in. conceptual and practical difficulties * The 
"structure of the discipline"-approach is limited by the 
complexity and complen^:intarity of the theoretical (basic) 
concepts to be learned (cf* Otte 1974) i the problem- or 
application-'Orientated approach auddenly discovers that 
relevant problems are not just factual relationships, but 
highly coniplex products of a development which covers social 
and factual relationships and their intetdapendance (cf* 
Mies et al* 1975) i the sub jective^haiiristic approach 
"process as content" faces the prpblern of the ralationship 
between method and theory ^ of strategy and object (cf* H* Weyl 
1966, p* 206), and, finally, the exeniplary approach which 
attempts to cover general points by treating specific ones, 
enci* in an empiricistic reductionism which destroys the 
unity of the process of human cagnitlon and can hardly 
go beyond the teaching of trivialities* 

The centre of the above difficulties is to be seen in a 
reduced view of the connections of the various aspects 
of the subject matter and its relationships to science 
and social reality* This results in the well'^known swing 
of the pendulum of pedagogical methods, the traditions 
of which A, Rash hir followed up in the mathematics books 
of the 18th, 19th and 20th centuries. She summarisGS them 
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as followo "Various aspects of the course content have 
remained with us through the centuries , but mora remarkable 
is that some methods of presentation have remained unchanged" 
(A, Rash 1975, p. 434/35). The survival of certain methods 
d. to a periodic movement of pedagogical modes is described 
B..^ follows : "The current popularity of discovery learning ? 
^h^' Inductive method, and the spiral curriculum in education 

.1 to suspect that the presentations of Ward (1719 1 

_hc aut; ors) and Davies {about 1850; the authors) were 
found r/ satisfactory in that the students understood 
the theorem better or appreciated its usefulness more if 
the labor loua attempts at multiplying binomials raised to 
various powers by brute force was tried first" (A* Rash 
1975, p. 434/35) , 

It should be easy to show that the prominent and by now 
time-- honoured dispute about "disco^^'rry learning" versus 
"expository teaching" was (and stil. is) determined by 
differing concepts uf content. Two po.iitions of learning 
theory, viz, Bruner's and Gagne ' s ^ which had to serve 
as juetif ications of this dispute, are being compared 
in Shulman's summary as follows^ "The implxcations for 
the sequence of the curriculum growing from these two 
positions are quite different. For Gagne , the liighest 
leveL of learning is prohlem^solviny i lower levels involve 
facts, cioncepts, principles, and so on. Clearly, for 

^igne^ the appropriate sequence in learning is in term 
of l-.ne diagram belov;, from the bottom up. One 'begins with 
simple prerequisites and works up, to the complex capability 
sought 
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"For Bruner the same diagrafn may be appropriate? but the 
direction of the arrow would be changed. He has the learner 
b^gin with pr ob lem- so 1 ving . Onca confronted with a problem^ 
whether embedded in the materials of instruction or directly 
pr^jsented by the teacher, the learner will be led to move 
back through the hierarchy to f c ^ the needed associatione , 
autain the necessary concepta, and? finally * derive the 
appropriate rules for solving the problem." "While 
for Bruner 'knowing is a process^ not a products for Gagnfe, 
•knowledge is made up of content principles^ not heuristfic 
ones'. Thus? though both eRpouse the acquisition of knowledge 
as the major objective of education, their definitiona of 
knowledge and knowing are so dlsparata that the educational 
objectives sought by each scarcely overlap" (Shulman 1961 
and 1970) , 

In view of this situation it will be CDmprehensible thai, 
the following conceptual ideas and reports on our part 
wili result in a rather preliminary and incomplate pi.i. t. i :e 
only. 

Of cO'Azf^^n the above description of the situation doe^ not 
imply t.hr»t the problem as outlined has never been Sf..cn and 
^that ^here are not a nuinb er of re f e r ences to it in the 
litvrAt;.— ^„ Thus, th^ psychologist J, A. Eanley writes for 
instauut:; '-i^' can say that the demand will be an 

increas :^<' -.'.i j. t ..y -o rceive opportunities for teaching 
which- wiil 1 'jc^nd in turn on developing teachers* conceptions 
of mathematics and the teaching mathematics ..." {Easley 
1975). Goodlad, too, is aware of the problem although for 
him it is more or less merely a problem of transforming 
eKisting knt^^'r .:dge to the use of the pupils even if in 
some respects he goes beyond th is point of view: "Teachers 
have found that psychological principles must be translated 
into implications before they are useful* Similarly, one 
cnn become a student of hiatDry, chemistry or the fine 
arts without givina enough thought to the relation of his 
field to teaching* ... The teacher mu.^t be both a student ; 
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of content organized for presei. u on and an organizer of 
content for instruction^ ... In Jarcfe measure^ the adequacy 
is dependent upon the adequacy of the arganizing framework - 
span of control - davaloped by the tfiacher. A too 

limited or an erroneoue view of content in the teacher's 
span of control deprives all but the self -^directing student 
of an education" (Goodlad 1959). : 

A second group (cf. Bernatein 1971 , Eeland 1971 ^ Kallos/Lund- 
gren 1975, Mies at al, 1975) approach the problem from a 
fairly eomprehensive sociological point of view which 
emphasises the content and social factDrg determini*^ ■ 
teaching proeaiSi The intention aiming at - ' -^bb fu 'ital 
ralationships is clearly brought out by V.^ ^ ana vj^dgr^n 
(1 975) in the following descriptidn contra . j their own 
approach with a merely paychologiaing one^ "The main 
assumption guiding educational psychologists seems to be 
that educational problems may be reduced to psychological 
ones. we would suggest a more direct approach. Such 

an approach should focus on the relations of wiiat is being 
taught ^ not to drives or motivational construbts, but to 
the studfmt'5i present knowledge and life Bituation, 
Thc^ starting point is the system and not the psychological 
processes within the individual learner or the teacher*" 

A central concept in this context is the notion of 'frame', 
Bernstein eKplainsi "... frame refers to th^ degree of 
control teacher and pupil possess over the selecrian, 
organisation and pacinc of the knowledge transmA tti^d and 
received in the pedagogical relationship (Bernstein 1971/ 
p, SO) , Kallos and Lundgren conuiient as follows i "In our 
writings wc have used the concept of frame to cover other 
aspects of ^=ne constraints on the pedagogical rnlationship 
in the classroom, too, We quiue agree, however, that 
content frames arc of prime importance in the establirhinGnt 
of rules operating in the teaching process* The classification 
and framing of knowledge (content^^ , usirg Bernstein's 
{1971} terms, explicitly reflect ^hn Image of man . nd the 
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very concept of ivnowltidqe applied within a particular 
educational system" (Kal los/Lundgren 1975). 

Another concept with a very similar function is cjis/en 
expression by the term 'problems as variables* {c£^ Mies 
et al. 1975) . 

Finally^ Island (1971) attempts a very instructive view 
"of teaching and learning ^ not with hut as the organiza^^ 'On 
of knowledge" (p. 73)* He shows how the core o£ many pk ^'it 
gical and psychologicaL questions is to be found in certain 
conceptualisations of knowledge. This second group focusses 
on the relationship between "perspective of teaching" and 
"nature of knowledge" as che central issue. 

Another set of discussions of our probleni stems from the 
area of philosophy of education . Paul Hirst (1i?74) for 
instance has the following hints on our problemi "Any 
subject like history or physics or mathematics is based 
on the use of certain logical principles in terms of which 
the explanation and theories distinctive of the subject are 
validated, I lefer here to the logic of hiatorivial explanations 
of scientific explaiiations ^ mathematical proofs and so on. 

Any teaching method for the 'Subject must therefore respect 
the fundamental logAcai principles without which no under-^ 
standing of the distinctive form of validity peculiar to 
this subject is possible. ... The logical grairanar involved 
and the various possibilities for the logical sequence to 
be usedf are m ^^ ters for C4ti '.'-^ ^.iination by un analysis of 
the subject to be taught, not for empirical investigation. 
How far these logical features do determine the teaching 
of a subject^ and areas within the subject, can be worked 
out in detail only in terms of the specific content that 
is to be taught" (Hirst 1974, p. 13C). 

Finally^ the literature on the didactics of mathematics 
in a narrower sense, contains iniportant references to the 
teacher -s concept of content as a dynamic element in the 
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its own ^ nnd an tho point of v low of application has 
becnmn lric:rr?aB Inrily ptonixwnt: in rocGnt yoars, discus a ion a 
on th^ conanph nf rcjt\lniit tpnd to cr^ntro on a elar i f leattori 
of the relationship bv.t^^ocn applied tinc3 pure matliomaticfi* 
liowovfir i tho reFiiilt is of ton no more than a ploa to 
omphasi^^o ono nspcjct <it the aKjpenBo of Um other. Thus, 
Orniull clt Bcr iboy ruac ti c)n.M Lo hin concapt (cC. ig72a) am 
follown ! "A nuinbcr of t-j^oc^iurn have i Lmarkod tn tjs that 
this appronch nciomg to c^mphaaizo appl loci mathonia ti cb at 
the C3<pcinon of pure* In thin nrtlclc tho tivathor yaxntn to 
try to dDnl nn canRtruc tl voly as pJOBniblQ with thi^ 
crltlaiam of the project's approach, and to throw aomn 
1 iq) 1 1 o fi t h p rc) I f* n f pti r p ma t li ema t las w 1 th i n t ho 
philosophy iindorlyinf? tho .npprfiach" fOrmo] 1 l972b) s 

The cantral inqjor tanuu of thin rolationahip botwcen pura 
and applied Mthomaticg for the concGpt of contGnt and 
the refcrifl of mathGrna ticB toachlng is also underlined 
by Baron (I072)i "tf wo introduce modern mathematics into 
our ochOQlB Is it becauso wo are IntDroBted in nm^ coiitant 
and tnore powerful applications, or ia it becauaa wc are 
interested in new methods and new ways of thinking about 
mathematics? What^ in feet? are tho alms and purposes of 
mathomatica teaching? Unless we give some careful thought 
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Ko nmh quoni intiii our tjuichl rur i n I lk«'J y to n-main at: a 
mndlocre IovgI and our ckiy-to-day procMiMlii rrjn i I 1 bo hnnvd 
on LradiLLpn, nonvoiitlon anri ImltatHon. will navQr hnvc- 
thv. cmiraqo ho Inlt latn rcrormn or Icj hr*Nik .way froni thn 
prac-t.icfMi of nur |)r(»c3(-cp-UK)r if' Cp» 21/2^), 

tin l)f^ a (|rowliiq coniuuniUH ui» to 11m* rol t^Viiru'^/uf he ^ubjin:^ _a DntontB 

and tljo npoci f i n I 'jn l n ^la nc u uf t variuuH ^iciiuol liubioctiJ for 

rosfMirch int:o ^ ^ ^ f n U: i v q p r o fjnoH and ■^oci al 1 ntutactj.on 

ijA^cJLasaj. ^ith a vif^w to optimlfiti practical tDaahinq, 

"Th'^r*^ in a qrnvin*^ 1 1 t^n ra turf? Bupportinq t^ho not^onn 

of Bubiocfc-nin ttor spcieif Iclty in the jitrucnurQg ot knowiodyo 

and farmn of lf?arninq; 1 L ciIbo supports the prohLqm- or 

cafni^Gpr^cif ic ity of nrocmmQ ot judqemont and dec! aion-niaktnq . 

Althoucfb the 'pnycholoqy of sGhool subject' oriqiriaU^ 

r:?n joyed Its (ireatcafc popularity Iri thv 20b and 10s, thero 

is a qrowlnq aensc amonq educatloral thooriBta th*it oiir 

cjui^st for universal subj cicjt-=indepcndont , thGorier. of 

iearnin*! and instruction haa bG*^n hampered by iqn«rln<] 

tha VQiy real dlffcrGncDS amonq the subject matt/^t flroaFi 

to bo LcnrnGd" (NIE-panol 1973, p, 28). 

To a acrtnij) extent this tend*^n^:y also finds oKprossion in 
newer cancupti and pTocedurea for a moro practical orientation 
of teaGher traininq* In the aroa of einplrical rescareh on 
toaahinq, osnontlally baued on IndlrGCt modals of homoqnnDOUS 
catQqory formation for alL phases and nearly any kind of 
teachinq, uso is mado abov'o all of models of ot3servation 
and ana lysis which are conton t- independant . These? dov^i^lop 
catoqories not awordincr to tho subject of teaching but 
rather out of its socio-ernotional charnctortsticB , It comes 
as no surprise here, of course, that the rosults of these 
analyses al thouqh m inq identical instruments dcpGnd heavily 
on the subject matter* Subject boinq taught eKerted massive 
influence on frequency of occurrcncG of all the Flanaers 
categories except praise and criticism, the eolosial influence 
of the subject ot\ the nature of classroom inter actiori is 
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cortalnly tlin myt\t mtrlkLnq and Important findinq ..." 
(Westbury ot al. 1971, 127). Ilowver , to turn to the 
"microEi tructurc? of tha dotaiV (Spnnhel, 1971) aa 
recoinmcndad by thn crltlcH of contiint— intl*3pendant obacrvation 
prDcadur(2 3 niGrely leadfi to an incrnfiBinq cDmplexity of: 
research dajjicnui. Tho only obrmrvation procedure specially 
dcvoiopod tor rtia theiiia ia c^. tuuuhliiij (Writjht ut al. 
contains so nifiiiy vnriabl.eij that for this reason alane 
it is only out table far purporiCiS of hypotheoiii^testinq 
research* Ab obBcrvntlon procodur^n of this nature are 
only suitable for clever iptlv^e purpOFiea and not for the 
planniruf of tonf^hlnq beh?iviotir, a stronqer incorporation 
of didactie theory of the subject cannot be expectGd to 
overcorne their practical ineff ectivenGss. 

As f.ir 03 inodcUs of details are conaorned which deBCriba 

nectionB of tn^ichlnq situationg and sltuationally usable 

Eikiiln there arc? content-indc^p^ndant aneB (e.g. "verbal 

roinCorcamant'M likely to occur in any kind of teachincj 

and others whose frequency varies according to the subject 

or which in certain subjoctB do not occur at all. Accord ingty , 

micro teaohlnq and microanalysis praotlse and analyse 

sub jocG-speclf ic skills and situations as well as 

sub jGGt-indppcndnnt ones. Becker C1973, p, 22) writes in 

this context:; '*Swar lassen sich viele L€hrer-»\^erhaltens- 

weisen zumindast kurg^.eltiq in j edem UnterrichtsfaGh eln- 

si'tmnf doch habcn einiq© Teaching Skills fQr beitimmte 

Pacber hoher^ Relevant.." The consequenccB of this for 

teachor trainlnq are obviously that a ccmbtned subject-specific 

and subject- Indapendant approach to diagnostic and action^ 

orientatod training makes more sense and is movm efficient 

than a merely sub ject-independant one* "Intelligent 

diaqnostic teaching of any siibjact requires that judgments 

b^ integrated regarding both student charaetGristice and 

properties of tho subject to be learnad, In general, 

it v/ilL be insufficient to prepare teachers as diagnosticians 

and decision makers, per se; they must learn to match their 

strategies of judqment and prescription to the specific 
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characbcrUjl: Icri ol tliti nuij juct ar(*fi in wliich thuy aro 
worki.n<r' (ahulMin inlA) . 

m tho tvamv^ovk of tihn ml nLcourua [srotf xnmmc:i thort? ara a 
iiumbe r of un J t y w 1 1 1 1 t^p 1 a 1. r g f o r a ii cu to rnu t hci^nu:! Lien 
tGnchirici (n,q. f or f^roblfm-M of iridi v Idiiri 1 iJinh ion) , Thu 
"Cat.ilDMUo Protucc I Malt-rialn'* nf Pi70^ Uv^^rs/cr , inaknn 
I lo mo n t; Ion B o far of u n y u n 1 1:. y f o r ni a t h n ma t: i. c Ac co r d i n n 
to the "MuBtcir Coordiikitu Plan" (h, J.D.) whl.cli mDnitprs 
tht* cLopmciri t of: rjiratocQl rnaUarials thoru arc fo^Jr aeneral 
classeis of cancepts basic to the tofichlng proceosi 
"1, Concept to ba tauqht--- f rom the cancoptuai fitructure 
of the BUbjoct 

2, ConcDptn to teach v/ith-^ f rniTi the concoptu-nl foundations 
of the subject 

3, Concopt for prof nfis ional undGrstandinq^-f; rDin tho human^ 
istic and behavioral fOLindatlons of oducation 

4, Concepts for skillfull teachinn— f roin tho humanistic 
and bohavioreil- fDiinclation for profesBlonal practico*' 

(PluO. Smith 1 97 3, p. 29) , 

This List is xeiTiarkable for \farious things. The intention 
to represent a\id io-visually conceptB from the subject 
content itself has m far been carried out only for the 
subjects lanquago literaturei readinq and social sciences. 
This .approach shares the problems of the "structure of the 
dlBcipl ine"-coTicept as outlined above and it is certainly 
questionable whether practlsincr a taxonoTny of mathematical 
notions via their emplriclstic rapresentation is in any 
alonificant v;ay favourable to the developnnent of adequate 
stratecTles to deal with the content side of teaching* Rather, 
It seems highly remarkable that this introduces metaknowledge 
of the content (2. above) as the real subject leaving it 
open whether teaching isolated notions is suitable for the 

1 0 0 
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acqulfiitlon of thin kinei oP knowludcjo, Some PM fipGcialiBts 
BQC^m ta notiica though that tho conCGpt^ from th-e protocol 
tnaturl^'il n thDnisGi voii arc in ncnd of baing Dlacod within 
a QoTr\p lo^ thf^oroticfi 1 rrnniawork if they are to contribute 
to "prof esnicnal inaiqht nnd andGrstancling" (Ph. (1. Smith 
n73^ iu 34), 

Finally f it: ir^ *^triKln<j that despite tho oj^pli^it place 
content hati found v^ithln the aruaa froiTi which concopta 
are telriq chosan tho cloBgeB of conceptB mention<>d undc^r 
3 and 4 show no referencG to the subject matter. As usual , 
tho content: sido is only considered in connection with 
tha cognitive sida of teaching, its conBequencuB from a 
Bociml and ps ycholoq ical point of view however remain 
untrekitecU In conjunction with correspondi nq nrocedures 
and modDls this can Inad to taachera without an eye for 
tht3 necessary mediation between cognitive, emotional 
and interactional aspects of teachina who then take rather 
narrow points of view which develop in many placos throuqh 
the eBtablished organisation and concept of science aB 
subject-^ opGci fic procesees of specialization and which 
gain an unchecked influence on the actual teaching itself. 
Concepts relevant for the didactics of a subject which 
refer to aubj ect--orientated teaching strategies are once 
again a victim of the unfortunate separation of science 
of a subject and educational sciences. 

rt is clear that for more complex teaching strategies the 
dcpendance on the content is more prominent. Accordingly/ 
more than a third of the teaching models listed by Joyce 
et al. (1972) cannot be used in all subjects. The "General 
Cataloque of Teaching Skills" edited by the Multi-State-^ 
Consortium on Performance-Based Teacher Education in 1973 
starts by laying down the followinq objectives for the 
teaching of mathematical 

'M * To develop in the student an awareness of the nature 
of mathematics as a legitimate human endeavor. 
2. To equip the student with the skills needed to implement 

loi - 
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any career dRciraon which conGtstant with hie or b€ii 
interests and ability. 
3. To dGVGlop problciTi aoivinfj ability" (Leeter 1973 , p. 8), 

On the basis of theRc nbjectivoB Individual skilla are 
then speoifled and deBcribed within the framework of the 
throF^ basic modols oC mattematlc^. toachinoi l.o. cxpof^itory 
teaahinq, .structured inquiry approach, unBtructured inquiry 
approach, "... the focus in on IdGntifying a core of skills 
which onables the teacher to pull together the underlyinq 
knowlodqe about Btudents, goalg? inathematies , and pedagogy 
and various oxternal cues to make sound decisions about 
instruction'- (Lester 1973^ p. 9) - 

Here, too, the Ambivalent relationship to tho content aspect 
is quite apparentt on the one hand the prime objective of 
the trainino of teachers of mathematics is to be an 
"awareness of the nature of mathematics as a legitimate 
human Gndeavor, on the other hand the speeif ication of the 
individual skills is based on models which are not subject- 
spGclfic and therefore make it hardly possible to implement 
the Buqqested priorities* What needs to be done is to unfold 
the connections betv/een the "pcrapoative of: teaching" and 
the "differentiated view of the rontent'S Reduced concepts 
of content usually lead to reduced views of the variety 
of aspects of teaching and the teacher's role and conversely 
the concept of content influences and monitors the inter^ 
dependance of the various dimensions of the teacher's 
acitivities. The difficulty hore is that the various contents 
piny a double role in the teaching/learning process in that 
they are objects as well as methods i concepts, theoriee 
and knowledge in qeneral always represent objective and 
social implications at the same time as subjective and 
objective ones. Knowledge is of an anti-'empiricis t nature* 
Teaching of learning a concept is not comparable to the 
handing or taking over of an object. The teacher therefore 
must not only know the individual concepts (thearies etc*) 
he wants to teach ^ but he must also know something about 
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the nciture of the Bcicmtific concept^ i*Q. nature of 
concopt& aa thGoretical entities* 

In his v*ary influential book "Teacharsi for tlie Real World" 
(0.0. Smith 1969) which has run into many Gditlona Smith 
makes a distinction between 'knowledge* and 'IcnowJedqe 
about knowledge* thereby markinq probably the most consciousi 
and inflUGntial eKF:>ressiun at this problem. It io true thuugh 
that Smith's concept of 'knowledcie ^ibaut knowledge' is full 
of eclectLc ideas which have given ilfse to probleinatlc and 
ambiguous developmentB * 

CoonGY et al. ( 1975a) explain Sniith'B approaich as followsi 
"It is g^norally recognized that exte.nsive knowledge of 
both subject matter and basic psycholQgical prlnciplei 
applicable to clasBroom instruction are esaeJitlal aepects 
of a teacher's knowledge base. What is not an readily 
recognisi^d is the fact that there is another type of 
knowledqe that is basic to effective inetniCtion, As 
Smith {1969) puts its 'It has only recently bean recognized 
that there ii an&ther sort of knowledge that can influance 
the performance of the teacher i that used ±n thinking about 
the subject matter and the logical operaticna used in 
manipulating it'" (p. 125)* 

And Smith himself continues? "To handle the subject matter 
of instruction in certain difficult situatio^B the teacher 
does well to understand itg elements^ its loniaal dimensions, 
its useS/ its relation to pupil needS/ and the degree of 
its social 'neutrality', Becauoe teachers do not now posaesa 
such . understanding, they frequently handle the subject matter 
of instruction in superficial ways. GonsefTUeiitly^ class 
discussion often suffers from undue vagueness and mbigultyf 
from unfounded and unchallenged claims, froffi a failure to 
develop the significance of the content" (B,0. Smith 1969^ 
p. 1263, 

If they are to becoTne part of educational programmes r 
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•knowledgo* and * kri0VJ/3,edqQ about knowlodgo' must develop 
some kind of cohesiv e. Porm , For Smith the borclerlino of 
the reiationship baltw^Gn *knowledqG' and 'knowledge about 
knowledge • runs almq the lino of opeclfic/qeneral . 
"Knowledgo about knowlodqo in general cnajjles the toacher 
to gain this hlqher awd more comprehensive pf^rapective . 
This sort of knDwladc|p is built upon mot^. particular 
knowledcje of the elmmn^B of BUbject mattar and tho rGlatlDris 
among them, the usQ^ Of the diaciplineB* Knowledge, and the 
v/ay their informeition is manlpulatGd and its dependability 
decided" (Smith 196^, 113). 

To ovoid the problem of the IntGrBubjectivi ty of the 
meaning of empiric concepts thie approach makes it seem 
natural to identify ' Hnowledge about knowledge' with the 
codifiable knowledcje of formal looic. Correspondingly, 
Henderson who in the iroa of mathematics teaehing has 
done a great deal of research and development work 
coordinated on the ba^ls of Smith's approaah (cf, Henderson 
1970, Cooney/HendersQn 1972, Cooney et ^1* 1975b) 
starts his explanation^ of a mc^el of the acquisition of 
concepts by talkinq about the generally * problematic ' and 
difficult relationship of psychology and logics "In the 
first case, a concapt appears to be the set of associations 
a person has with tht term that designates the concept. 
This point of view emphasizes the individualistic nature 
of a concept, but i^ so doing it loses theoretical poweri 
it is not useful in a theory of teachinct mathematics. 
Ordinarily, the mathematics teacher is doncerned about a 
restricted set of associations which ar^ supposed to be 
invariant as to concept- holders f he is not concerned with 
the emotional and attitudinal connotations of the designating 
eKpression" (Henderson 1970, p, 160). And consequently he 
defines 'concept' as fDllows? "It seems consistent with 
the foregoing to regard a verbal concept as an ordered 
pair, one component being a designatory eKpression, a name, 
and the other being or more rules for using the desicfnatory 

expression. (Some mayr wish to say 'meanings' rather than 
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'rulee for UBiriq'. But moanincj is not ex well-deMn^d termi 
ona hm only to conBult an unabridrjcid diationary to xmlizQ 
its amblcfUity.) Hence one component is in tho motal^liguaqa 
and tho other in aither the objoct Languaqo or the metcilanquagG ^ 
depending on its use" (Henderson 1^70, p. 170). 

The conncictions to the problem of moaniny tend to remain 
impiicJlfc emd underdeveioptid in most educational the q tie £5 
or pr^ycholoqical theories of cognition. More dewXop^d 
approaches can be found in Ausubel*s distinction between 
logiO and psycho logical meaninq or Piaqet's designation or 
different deep structures in any empirical subjecit by the 
tennB of * psycholngl cal .subject' vRrsiis 'eplsteittic antaject' 
(cf. Deth/Piaqet 1966, p* 308). Generally, the atMmpt is 
(Inclucltng Henderson) to exclude the problems of waning/ 
bcccLUS© meaninqB are considered individual, thiaoretically 
usel^s^, alogic, even 'unsocial^ whereas the Loq^lcal 
relf'itelonB only are conBidered teachable and leairi\abie 
as concepts and concepts m structures* This iB th© 
notion of concept in formal logic in which the concept 
has no Intuitive f disparate nor genetic feature^s^ 0? 
accord^ingly high importance are concepts of the ^st^-ucture 
of knowledge' in the sense given to it in formal Xogic ? 
they represent as it were the backcloth on which learning 
happens. "Since one of the emphases of curricuXum m,QVements 
in mathematics and science in the last decade has bmn 
to produce materials which help students in seeifiig fch© 
overall structure of the subject matter rather th^tt 
vle^^rl^q the particular items of knowledge within thci 
subject as ends in themselves, it behooves teachiici to 
utlJliaie teaching strategies which maKimize the undeiestandings 
of the interrelationships present in knowledge ^blch are 
eKhibited in these curriculum materials" (Coonef ^HeTudaraon 
1972, p. 429/430), 

NatuK*© and characteriEations of formal logic aW aontext-^ 
dependant and not absolute. Disputes on whether ^ problem 
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in of an aiqorithmla or hnurintiia natiuro or whothor loqic 
iri a moano to acquire nuW knowlodqe or iB only helpful 
to codify what one knows already arc quiUQ Ituitlesa If 
carritK.1 on in ifjolation^ in an *abHaTut;Q' Cramawork and 
in an 'atasolutc* form, Conoequently # loqic cannot Bervo 
as a baslB to kho Gtruature of knowlodqo and its abj acti- 
vity (cf. Churchman 19 73). Abovt^ all/ howevDr, thora im 
no loqic of opuratlonn or procodurnn nf roanlilnq -mt! 
loarnlnq without a loqic of thfj obJoctB, Nov/ ono Ib 
justified to nay that any 'loqic*, and formal laqld in 
particular, has itp roots in tliQ interrclat lonehlp of 
* loqic of actionB* and * loqic of objactn'i that is what 
makeg itm status as loqic. In formal loqic, howover, thi^ 
has taken a form which does not directly accorfffnodate the 
development of the syotem of cognitive operations, the 
means and instrumentB of these operations, the ainis and 
problems^ the values and purposes. In teachinq and also 
in science, there cannot be an equilibrium between coqnitlv© 
activities and their content, between the aims, means 
purposes in any static, fixBd way, in the eenso of, may^ 
a gup^rstructuro a comprehensivo, unified formulation 
of all the interrelationships from which one could then 
deduce a model of education. The concept, too, ia not a 
structure 'as such'; definitions and notions obviously 
reflect certain functional objectives, are conteKt-depen<dant , 
just as the statements and interpretations of formal loglQ. 
ru Fehr {1966, p, 225) comments on this as followsi "A 
mathematical concept, even the most elementary or so-called 
basic one, is not a aimple thing but a very eompleH entity. 
Similar to the structure of an atom which in its nuclear 
description becomes a more and more complex structure, 
the apparently simple idea « cardinal number' becomes on 
investigation a multiplicity of ideas. Indeed a general 
concept of number is attained only by very few persons 
after many years of mathematical study*" 

The model by Cooney/Davles/Henderson as the only systematie 
a t tem |pt so far to make 'knowledcTe about knowledge' the 

1(30 ^ 
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central point: nf J.liu_ udm^cyj_^ 

ryducf'n^hcMie intorrelallannh Ipn nnd fjcin t^hurofnra nut 
sufflciontiy rfivo luntico to the Imparlr^nao of the now 
appronch for t hn dovrj lD})mr'ni: of an ncknty^,l;0 aoncapt; of 
r^ontont Cor thn hnnnhar. Tht? Idcn of Uxmmpt:' on which 
thUi modol Jn haiR^d In llluotrnhcd in thr^^ fqllowlmi dlaqrmn 




(MfMidort^iari 1970* p. 176) 



On the* ban in of thin analygie and additional onoa of various 
functioriB f>f naitrntiiric gonceptsi individyal oteps? or 'moves', 
in tho teachinq of conceptn arc bclnq identified and eKplainedi 
Taken toqothar, ihi^i rosults in the foU^winft typology which 



correBpondrj to the abovo concept cli 



Ication syBtemi 




• CayniifiPfiiTvin 
liifficiini ssrMiiiiDFf 



(Coonoy Gt al. 1975, p. 107) 

This typology fits in with the methodolo<Fy originated by 
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lUO. Smith wlil<!fi trli.s'; ''U) <|ov<}lop a w-^y of d iv lil Inq v<u~hal 
tuachlncj buhavlur Iritn poda<(0(f lea 1 1 y ni.qniMcnnt unliB, 
and to analyse t}u» uhi bfi In loqi cnl ly nitNUi Infjf ii 1 wayn'* 
(Smlth/Mcux 1970, f>. B), 

Tliu fJruihrt? nf IrU iM^t^J^t r(jir the aut.horri \ *a t he 'jjxai't do5:ic ripti on 
and Idontl I: laatlon of tluif^e •rnov^pri' t^ij'^- Ihoir lV[><)Lo(|y : tliu 
dovolapmont of tho?io 'niovofi • Into n t.rnt.^rj } ,5^, i hn iIocl^U on 
on the mannlngful uiio of thostj 'niovcM^' in learn Jtx} fjc»(|uencos3 
under npoalnl nocial cUul psychoLoqi cal con <li Lion« , these 
are aypect.ij wliich rcco i\ro only (j lobal tiroa Imonl and which 
am dnalt with in a few words. ThtK, how^v<}r, is vhorc 
wo nrc faced with ono of the t:horny problems of n teaching 
theory I how arc? the v.n'ioLH; * bitM and ijIocub' (in Lhi.H 
CiUio the 'mnvGfi*) to compofied, under th<> qLven social, 
pHycholoqicnl and (mathomat id 1) content conditions, into 
a kind of hAaquonco which makofj a cont inuou^i toachin^i 

Coonuy tit al. ctivw an ^xamt)lt> of a lesRon on the £ic<iuisl tion 
of a concept which throws nn interest inq light on the 
underlying thoorutical positions: "To illuatrate the other kind 
of caunterexample* poBfjibie from a false definition, let 
un Buppoae n studont gjtatos as a definition of an e^<ponent 
that it is a numbor written to the rlqht and slightly 
abovu another number that tol Ic the number of times the 
nunibor is tak^n a^ a factor, The follow Intj dialogue is 
cronoo Ivable : 

T In 4 , lf3 -2 an exponent? 
S VeB. 

T I aqreo that the -2 is written to the right and slightly 
above 4, but what does it mean to say that it tells us 
how many times 4 ig taken as a factor? Hovi can a nximber 
be taken as a factor -2 times? 

S The oKponent haej to b<e positive. 

iob 
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T YBB, Is 1/2 in 4-^" a* eJ(ponerit? It's jDsitive* 

T Does 1/2 tell \ii how itiany tl^na^ 4 is takan as ^ fa^tou? 
What doas it maan Cor a faotor to takim 1/2 tini^s? 

q 

mny nuttier wafitten to the right an4 sligrhti^ aJbovfl 
another mnibar. 

J 

T Is the« an exponej^t 4 ? 
S Susre* 4, 

T But you said 'to tHe rlgh^ ilightly^ abcve wotHe^ 

nuniber*^ which BB&mi to m^y ihm niamb^ra ar< diftfer^nt- 
4 

In 4 the two 4's ^ra the sMa nimbai* 

S 0*K, Slightly abov^ ai%d tc tAa right oe ai^^ nvi^fee^^ 

T WeLU you're g^ttincf ther«* la 0.5 in a^'^ m wporaan-fe? 
And how about b In Is b an inpsnent? 

S Veah. They're both ejcponejits . OiK. SiightL^ abovQ mH to 

th© right of any niamb&i aJiy vasfiable , 
T Juat to be sairawe*ve got It ri^ght, state th^ cj^flt^it loti 

as it ought to be. 

S An exponent is a ntamber a variable that Is wiritton 
to the right and sllqh.tl^ ab*ov^ any r^umier or vsri^ble. 

T I'iLl buy that" (p, 100/1). 

Even If at the beginning the pupiX still has ^ c^n^ept 
of the ejcponerit which teLli fiiia somathifig Bbotit its Q^lqin 
and funotton ("multiply as ^iteii mB tha escponcnt Indi^at^i''! 
aiid wKieh could sarva as a b^sifl to div^elsp tlifl osnipl^tt 
coneept fironi, in thli laarnifig laquanoa ' suitably' sele^^od 
eount^r-iHaniplas driv^ hLm tmto a eornay Stom wh^te ho 
has gvantually no alternative* b^t to give the rs^uiridl 
repetition of the purely forw^ial definition of th« eon^flp-fci 
"An exponent is a nuntoer or a v^ri^able that Lm wilttan t^ 
the right and slicjhtly abc^r© an^ r^umbir or m^imtilm*-- * AS 
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if this d©flnifclom couia tell anyone anythinq about the 



If theia mm a great number of eoinblaable prepcrtles off 
concepts and the«for© lenq ^move' seqaenc©, Me has W 
niaki a QhoiQB betwoii a great number of fliffcMnt stratsgles* 
Thm 4Bvmlopm$nt ai sueh a strategy can bm breu^ht into an 
algorittimla lyiteit!, bteause thi concapt aa a fivan Inventory 
of £iK€4 alements an^ the preeesi of change Ironi the eicamplis 
to an Iriiight iRtc the general valu€ of m coiiMpt aw thsught 
to b# ^Xintar p^oc^ises'* c^oney mt al* reduce the teaching 
precesi to the struetuffal level, l.o* to thm problent of 
• transporting parts ©f a theory tT<m the hea4 of the teacher 
to that of the loarner*. This idea is consistent with the 
belief that it Is possiblo to make the proceis of teaching 
autoit\atic2 starting from a fiKed^ giv'on structure a s^t 
of r\jl©s and proocduraa ii developed which monltori the 
tranimiailon and composition of the conoepts In luch a vay 
that iomethlng like m copy of th© existing m^ithematlcal 
structuraa is tho result, llowevef # with acieiitlfic coiicopts 
it ii impassible to mem at a glana© and once for qII how tha^f 
are qoinq to teo constituted* concepta have not baen under*' 
stCDd or leariit if their paailnq-cn can bo acknowlodcfod 
thtDufTh an ^numcrntlon of their propertieft , Vlthout^ 
interpretatior^ without knowlodq© of the meaning ©f 
coneepta and ii^ithout reference t© eKistitig knowledge 
and ©Kiatlnq tuathomatlcal theory the leatncr vill be 
unable to make iise of these matheinatioal structures, Just 
as the teachoi' himsolf must have 'knowledge about knowledge*, 
ite. in particular about the use, origin aiid dovolopmfnt 
of knowladge, he can only help the ioarner to acquire new 
knowledge yla the Inarngr* a provious knoiylcd<|e, his gyatem 
of attiviti^Sj the ioeio^eoiranunleafei^^e and obj eat-relatod 
wgrid in whidh concepts are directiy meanlmful, coniprahenBlfelo 
and intsrpretablo for the pupil, the 'socond kind of knowledge' 
if^ust therefQfe inevitably inslude the referenca to the 
previoua knowledge of the pupil* the teach inq proeisa 

110 

104 



dO€s not follov a direct Immediate line from tlia qlvmn 
cognitive eont«nt itructUEe to the one t© be cstabllshidi 

Based on hii u:nd€r stand Inq of content and the nature of 
raatheifiatlcal e^ncapts and under reference to the Learning 
disposition of the pupil the teacher has to mateh 'content 
of coneept' and 'activity iystem of the pupil'* This matching 
Is • problematic* t i*e* it is not solvable once for all and 
eannot be rnade automatlo. Openness of the systems of 
•eofitent' and 'acquliltlve aatlvityS their variability 
and the • statistle nature' (of* wiener v?,y,r partloularly 
p, 270/71) of their aombinatlon render the creation of a 
final definite teaahing strateqy impQiSible, tPhe onl^ way 
one can suggeat of aeallnq with these problenis le to keep 
using the teaching strategy concerned » in parts at least, 
as teaching content of a fiew strategy, 

similar suogestlon has been made in the 'Concept Attain- 
itient Teachlnq Moclal* by Joyce/Well (1972, p. t09-t22). Here, 
three of the four phases of the model are ooncerned %^lth 
itrategies of ooncept acquisition, \^hereaM one? the fourth, 
qives-'the tauftil the role cf the 'teaoher' and makes him 
teach ooncepts to his fellow pupils* The strategies of this 
phaae, too, are being turned into the content of teaching* 
To •turn strat(^qi©i into the oontent of teaching' does not 
mean, of eoiirsg, that it is intended to train the pupil 
aa teaoheri this is already impossible from the content 
point of view^ since there is no treatment of strategies 
as such, but only strategies and proeedures of teaching 
as developed from the oontent and • eKperlenced ' . It still 
remains the task of the teacher to structure this effeeti^ely 
as a teaehing strategy where the aim remaini tbe teaching and 
acq\ii8itlon of concepts and ^here •strategy torn strategy's 
saHe' Is not going to be the necessarily fornnal teaching 
content* To 'nnaHa atrateqies the content of nev itrategles' 
is probably too difficul-; to be carried out In a constant 
chame of methodic levels* It can only be our tayH here to 
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show up how the teecheis ' metakiio^ledg© about the meaning 
and function off contents ean tit\d axpresston 4n ttach-ing 
strategies* This res\ilt3 at the same time in Indicati^ons 
hQw to develop coiicepts of t^^u mctaknowl^ge fwther and 
how to integrate them in educational prograirmies so tjiat 
they really penatrate and strUGtura the acquisition oi 
contar^t rather thaii just formal 1/ reductrig them to a common 
denominator , 
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6 . Comtu^^om 



It is v^ltti reseivations only that it is possible from 
a survey of the research situatloii in the area of teacher 
educatioii to arrive at further theoretical and practiaal 
eonsequeiices. This is partiaulaxly true for the practical 
eonsequejisss if the failure of eiaplrle-ratlonal strategies 
of innovation as deioribea above is to be taken sertouily . 
In what follows vre are therefore not coneernod with more 
or less dlrectiw pieces of advice, but v?lth offers of 
diSGUisioft to potential future partnera of oooperatian, 
Much im in need hare of greater preciilon and of correction 
through €3cperlaiices and knowledge from other thaoretioal 
and practical eontexts . 

A.S the institutional and content conditions of a reform 
of teacher education in the FederaL Repuhlic hai as yet 
been insuf f icleiitly disclosed by research and as thii 
paper ejccLusivaly Gonceritrates on working out a basic 
position on the basis of the preBent research situation^ 
the eKternaJ. conditions have so far been neqleoted* At 
this points how^ev^er, v^here wa are ooncerned with formulating 
BuggeitLons as consequences of the results worked out so 
far^ thli praetioal and thecr^tioal Qontejct must of course 
be takeri into acoount if the saggeatlons are to be mora 
than just a list of desiderata. In addition to tha results 
of the apparently incomplete research 11 tarature therefore 
we have also tried to take Into oonslderation the eoneluslons 
we arrlv^ad at through pilot irterviews in relevant 
institutions of teacher education in various states of 
the Federal Republic* h sunmiary of the results is given 
elsewhere in the documatation . 

At tha end of these Introductory remarks there Is the 
reserv^ation that according to previoui e^tperience in 
educational reform research and development represent 
only one factor detexinining changes In contents, methods 
and fDrma of organization of the adueation system, and In 
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vim of the influeriees of educational polities and 
adniinist3cation it Is hardly the decisiv^e one.- ^he conditions 
fcr the ImplaCTB^tatian of tha followliig suggesttons offarad 
for diec^iaseion to re-structure the training ef mathematics 
teachers therefore go far beyond the range Df activity 
and frainework oi Gooperation of one researah t^am* 

The mbave situation, as background and precondition to any 
discussion of possible alternativas to the present practice 
and research In the training of teaehers of nathernatics in 
the Federal Rep\ibltk, can ba briefly characterisad as 
follows J predomlnanca of administrative Inno'vation gtratagies 
and corresponding aeficits in tha field of currtculim 
developniarit and In-ier-viaa training of teachars; little 
Influence of taachers- organiaations on educational 
reform, particularly in the field of the curriculum j 
ambitioms intcgratlDn attempti failing because of tha 
division and individual Tnomantum of the disciplines and 
Institutions to be camtiined, whereas institutional and 
□ontent-concernedl levels of mediation v/ith restricted scope 
and lirnited tasks are lacking. All of this has to ba seen 
on the backgrcand of a changing legal framework in the area 
of teacher edwation v/hich is oriented towards the 
reauctlon of the length of studies and the ccntinuation 
of the differences in the lenght and quality of the 
eduGatlon of various groups of teachers aceoiding to 
different types and levels of schools. The corollary 
is a financial policy press Ing for cuts and the re-considaration 
of e3<p€nditiare and iwestnients particularly in the field 
of education, rt is t^ell-known that public opinion too 
la no longer as Cavourable to eduoational reform as it 
used to be* 

At the sOTe time it tecomas mDra and more apparent that 

the xesearch preparing the ground for the impleinantatlon 

of reforms in teacher education is insuff iciant and that 

many practical and organisatory problems do not only napeesitati 

nai*/ eKtenst^e research^ but also a re-structuring of the 
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aoiicept'ual basii and of the establiahed system of division 
of work In ielanca* "Der politische Frtihling der Bildungs- 
^efomai zog so sehnall vorbeif dafl die Forichung nicht 
initkam" {Luhmann 1974a* p. 16). 

In CQ^ncetion ^ith the justif iGation from the point of 
view of Lnnovation strategy for the increase in importanoe 
attached to teaehmr education in the context of tht reform 
of tha curriculum for matoematics it must be taken Into 
account that the re-structuring of study courses within 
the institutional framework of university and 'Studiansemi-- 
nar* (training phase) poses serious problami a£ Impleinantation 
and that this area as opposed to innovation at school level 
has so f^r hardly bean oovered by innovation research*' 
Such a restructuring would need the Gooperation ot Institutions 
^hose fcrms off organization, predominant values and 
pe^spectlvas of reality are in certain respect extremely 
diverse and eaj\ therefore be reconciled with great difficulty 
only. It would for instanoe seem obvious to suppose a 
coinparativaly low degree of difficulty to arrive at a 
corraspondanee between the general educational components 
of the "university course and the training phase ^ tsiobody 
denies that this is neoessary. One of the main complaints 
of those raiponsible for the training phase is indted about 
the defioiancies of the educational component of the uni- 
versity oourse which forces the training phase to fulfil 
taski whleh It is ill equipped to do and which keep it 
away frcm its proper job. On the other hand the problem 
has to do with agreements about Identleal or at least 
related oontents and methods. However, in the 1 listitutional 
conte^it of the university and of the training phase, the 
diff eTenoes In the research relations of the educational 
sclenees, in the organigation of teaching, in the binding 
nature of course plans and in the administrative 
responsibilities under the present conditions are ^uch 
as to malce this agreement an apparently Sisyphean task* 

Baaausa of their marginal status it is easy for mediating 
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leva la with ooordinating functions to be chokad out of 
axlstence betwaan varioue disciplines or between science 
and school raaltiy or to he swallowed up by one of their 
more powarful partnera* There la for instanca an ardent 
dispute in the faculties about the institutional place 
of the didactics of a subject which would have to fulfil 
such a madiating function between the subject and the 
educational sciencei although there is no clarity abcut 
the conceptual implications of a madiating function of 
that nature and the position of the didactics of a gubject 
In teacher education (at* West Garman Conference of 
Principals (WRK) i Proposals for Teacher Education 1975) 
and although no corresponding emancipation of the didactics 
of a subject from the subject and from the educational 
sciences has to any great ejctant taken place, "in some 
sensa^ the organisation reflects the way 'knowledge' 
is defined, h redefinition oC knowledge (e.g* an inter- 
disciplinary approach) will meet a number of constraining 
factors ^ many of thein reflecting power barriars within 
the institution" (Dalin/McLaughlin 1975^ p, 13). 

All these points can only mean not to pitch one's hopes 
too high as to the next steps in the reform of the edueatlon 
of teachers of mathematics. Their Institutional and 
administrative baak-up will be rather inadequate. 

From the organisatory side the aim can therefore only be 
to make use of the aKisting institutionall^ad channels of 
cooperation and communication and to establish a network 
of informal contacts between representatives of the various 
areas of experience concerned with the education of teacher?? 
of mathematics. If however these infomal Gontacts between 
those concerned are to became productive ^ they must have 
a content basis as a precondition for the exchange of 
eHperiences and the development of coiranon or coordinated 
concepts of problems. 

It is not sufficient to merely coordinate the identification 
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of shifts Qf topic areas and to craate more efficient systems 
of information and commiinication, because this does not change 
the establtshad state of knowledge and system of scLance 
in any way*. For the development of content basii the most 
sensitive points in our opinion have to do v/ith the 
relationship between theoretical education and pxactical 
training on the one hand and between the subject-related 
and educational aspect of the education on the other* For 
the first relationship the most promising startiiifpoints 
seams to urn to be the use and the theoretical analysis 
of the various procedures of simulating practiaal situations 
as developed above all in the United States, The second 
relationship necesiarily implies a reconsidaraticn of 
the basis of the didactics of a subject* In the content 
of a theory of teaching this would have to acoQuxit in 
particular for the institutionalized nature of teaching 
processes mnd it is against this background that it would 
have to analyse the interrelationship of social and 
subject-da^armined aspects of school work. 

A basic reconsideration of this nature includes the development 
of a concept of general education which establishes connections 
between thm contents and methods of a subject, the personal 
development of the child and the social function of the 
appropriate science* It is this alone that enables the 
teacher to relate consciously to problems of relev^ance, 
motivational difficulties, but also to the essential 
cooperation about content questions with colleagues from 
other subjects* 

This raises of coTarse also the question of possible aims 
and objef^tAves, km in organised cooperative woTking processes 
objectivel cannot be kept invariable and as this te^ct can 
only be an introduction to working procasgas of this kind^ 
the authors have adopted a certain reserve in this respect. 
Factors 'foy the identification of aims would probably result 
from analyses of the effects of completed or nearly 
completQd changes in teaching and schooling on the role 

117 
111 



and task of the tmmhm ai they are bainf attempted, 
although non-sub ject-speclfically, within the framework 
of OICD (cf . OECD * 

One of these factors mnU be the subjeotive dlspositlori 
of teachers necesea^ for innovative behwiow (cf. Wrmah/ 
Raiohwein 1971 j Freeh 1 972); in view of the itated laa^ 
of mediating institiations and of integration o£ the 
content of practisi-Wlated knowledge thmm dispositions 
gain additional impm^mm. In this eonteJiti however, 
one would also have to consider the detewining influenaa 
of Bchoole as institutions to avoid asking too jnuch of 
the personality of teacher and to attribute to it 
what in faot has Institutional reasons m4 U therefore 
only changeable on th# institutional level. 

A further factor whWh in our opinion hm so far been 
rather undarestimafe^^ would consist in the devtlopment 
of some subject-spegiifia metaknowledge about th# subjecit 
content whiah couia twtble people to kmp a critical 
and conscious distOTQ^ to reforms and at the same time 
to contribute acti^^ly to them. This could becoine a 
decisive link batwa^^ the subject-relat^a and the innovative 
or pedagogical and pi^chological qualifiqattons , since 
it determines the aoMents within the wqial context and 
under reference to th^ personal developWOTt o£ the child, 
From the point of Tim of stabilising inMQvative subjective 
dispositions the importance of the recp^Kse to the subject 
contents has also bW^ noted in instana^i wheta the 
innovation process im basically seen as the individual . 
enforcement of prof«^sive attitudes riiulting from 
experiences made du^lm university studiei. '*Dle von unm 
erarbeiteten Ergebni^## weisen darauf bin (wenn sie diase 
These auch nicht im ^trengen Sinne belegw) , eventuell 
der iminnimimrmgmMmtt den ein kritieches Hochschul- 
studium gegenUber Anpassungsdruck B^ruf spraKis 
besonders wMhrend Bef erendariats habi^n Kann, dann am 
grdflten ist, wenn inwQvative Haltungen sehr stprk auch 
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faablioh konkretisiert sind" (Fraah 1974, p. n9//12Clj, 



In WdiV to further clarify these ideas of obje^^lv#i 
whiah w© have intentionally left open^ the follQMling 
dedyationi eoncerning the passing^on of theory W3 
p^mtiQm in teacher education and conoerning poa^iblf 
form^ Qt the subject-related and the didactic qotiifOTtntS 
of # study course are put forward for discusslOtt^ 

Indirtdual integrative achievments and their $a;ppOTt 
in Mi^cher education are to receive by far mori Hfcfc^^^tlon 
thai^ they have been given so far in teacher adu^^tl^w* 
For a practically efficient study course for tin^J^iT^n it 
is naoMsary for every student to evaluate and %0 tat'agrate 
gaisie^ insights with a view to his behaviour in hi^ 
job^ ^^aahing, more than any other activity, contiw^nlly 
dem^ft4$ new achievements in the subjective redu.Qtion o£ 
com^l«5^itiea which even an optimally integrated, ot 
adU0Htion can only preparef but not entirely pW^i*^:3^yQtura, 

This m^ans that in the whole framework of thmomtiQ^X «isd 
praatical education procedures of a ref leotiva n^feW^ 
are ot <jreat importance. They encompass all leMWisi^l 
situations in which personal knowledgei personal fttt;it;udes^ 
perriOnal feelings and personal strategies of bthWiQW 
can made conacious. This implies group dynarnii^ wrangements 
as mil as aids for the clarification of muhiw^im p^oaeaseB 
of theory formation and of decision^ the various ^toda of 
beh$.¥iour training as well as the support of ieAlf^^^wnasis 
and of the development of individual aim persp^^^ti^^i 
and i^wning strategies* The discrepancy betweii^ tt^^ 
superficial objectivity of the contents and thi irt^vritubility 
of p^rwtnent subjective (although not necessariXy ii?vatelonal) 
deqi^Aons during studies and later is particulMl^ m4m in 
the ^ubjact of mathematice; therefore reflective pr^q^urei 
shouW also be used in a subject-related wayr^i^K^ i*?ithln 
eoir^Wpondingly structured learning sequences it^ dldaatlas 
of %hm subject. 

119 



113 



Subjeetiv© interpretations of situations by the learner can 
change curriqular intentions to the contrary aleo in teaehsy 
education. This is quite obvious for a central component 
partieularly of the traditionar two-phase educationf vi^* 
for the first' contacts with practice during studies* 
Available international findings agree that the function 
of sehool practice is seen differently by students as 
opposed to lectiirars or tutors. "At the moment school praetii^^ 
fulfils diffuse purpq^ff^'and provides for wide but un- 
differentiated larning eKperiences. The result is that 
students have difficulties in realising and coming to teritii 
with their school practice role. This is apparent from the 
amount of ambivalence and potential conflict re\(ealad by 
student responses. Their value systems ... indicate 
that students place most importance on the opportunities 
practice provides for the adjustment of the self to the 
demands of the student teaching role" (Cope 1971, p* 107), 

The important though ambivalent significance of this 
experience for the ability to ooe^^^with the 'practice shock' 
is continually being referred to. The variations developed 
within reform oonceptlons as for the re-^atructuring of 
the first contacts with practice are numerous (cf. Blick* 
punkt Hochschuldidaktik 35^ p, 237 seq,) but as yet not 
sufficiently evaluated. The ' Empf ehlungen Eum PrajcisbeEug 
im Stadium* (Herz et al* 1975, p. 64) say in this donteKti 
"Die hitzig gefUhrten aber unabschlieSbaren Diskusaionen, 
welche der alternativen intentionen und Formen baaser oder 
gar minziq richtig sei, wMren vielleicht UberflUeslgi wenn 
es eine Sequeni funktlonal verschiedener PraKisphasen und 
-erfahrungen im Studium gMbe*" To agree with this view 
does not yet mean to be in possession of an adequate 
concept of differentiating the functions. However? the 
following separation' of three different functions suggests 
itselfs adaptation to a new social context while reducing 
as far as possible additional subjective stress, syatematia 
enploration of the social conteKt 'school* (pre-structured 
through theoretical knowledge and specific observations) / 
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the trying-out of professional compet^wat^i im teaching! 



For the last point the procedures tot mm^tinq thaory 
and practice referred to in part 3 wouW particular 
value and would at the s^e time offw poaaibtlity of 
additional functipn-apeoific diff erentiakiom under the 
Mpects of strategy formation , skill 4tiWlopwittit * devalopmant 
of psycho-social competence etc* Par^W^l to growing 
experience with individual functions the 4#grea of 
differentiation can be gradually redwtift «nd the compleKity 
to be coped with be increased. It is indeed %hm great 
advantage of reflective procedures to ^^v#lop selection 
and complexity in a systematic and ammimm way* ^his 
meana that theoretical knowledge become^ easily eonnectable 
and that experience with practice is diW^loped which shows 
reality as consaiously controllable and wot s© unstructured 
as to leave adaptation as the only pOMil^le reaction. 

The closer identifications of the problem of theory versus 
practice which in toerica have led to ^ pyagrnatlo restriction 
to teaching in the narrower senee provi4^ at the same time 
the possibility to define more closel:^ t^h#i3r relationship 
to the teaching contents. The respective #valvation of the 
various procedures as attempted in ch#pt^r 5 yields two 
main results. First, by focussing on #Hiilii, coneeptSf 
and models of teaching certain concepWHl d^fl^lts in the 
concept of content in these procedure b^qoni# more apparent 
and are at the same time more specif iwWy identifiable , 
During the development of Protocol mmiCl^Xm tor Instance 
this became obvious in connection with diff icultiea 
resultincf from the individual charact#:ci|itl^» of didactic 
as opposed to subject-specific or edw^tlonal concepts. 
Secondly^ just because of their dual? i^^^ dtiariptlve 
and prescriptive^ function many of theiis procedures represent 
a compromise between the passing-on of ^m^^^l educational 
information and the unsystematic appro^qh tq ^qcidentml 
practical occurrences. They therefora oWtr more iystematlc 
and concrete orientations for didactica than the faat^changing 
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•faihlona' in the educational sciences oar than practlc€ 
entiraly based on 'craft traditions'. In this respect 
these procedures if use3 widely and accompaincd by 
corresponding progressive developments coulca become 
integrative elements betweeai theory and practice in 
teaeher edueatlon and could provide important iiDpulses 
for a re^def inition of the basis of the didactics of a 
subject. 

It is ehanges in the subject and mel^ods courses vlthin 
training which in our opinion provide the most liopeful 
prospects although it is precisely the field of didactics 
which has the greatest need for development- 

The specific difficulties of integrative attiempts In teacher 
education which ere th^e result of the previously .discussed 
dual nature of theory in its relationship to pr^ictlcal 
teaching are bound to increase in future, since on the 
one hand more emphasis is to be given to the subject 
reference of teacher studies while on the ot:her tl\e 
educational and sociological coniponents are to be extended 
and re-structured* In all probability the respective 
disciplines and eoiflponents Vfill develop still f^irth.er 
away froin each other while the didactic of tihe sul)j_ect 
are at present too feeble as integrative force to be 
able to counteract this trend. 

Capacity problems at university level enco\irage tiie tiend^ncy 
of established disciplines to look after # and keep to, 
themselves and with this they coiitribute to the disintegration 
and reduction of didactics. It is no surprise therefore 
that at present the didactics of a subject are supported 
neither by a developed system of educating t:heir ov/n 
future personnel nor by a developed and sufficiently 
documented teaching tradition. Emancipatioi^ from the 
concepts ^ approaches and Icinds of teaching of the corres-* 
ponding science has be^n slow; it is still true that nearly 
in all Colleges the subject-related comoonrnt in the education 
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of future teaahere of mathematics is taken aaro of by 
people primarily concerned with didactics and that the 
more theoretical aspects of didactics arc hardly reflected 
in the teaching at our Colleges (cf, Bauersfeld et al. 
1971, p. 111) t Lack of material and equipment is often 
the cause of provincialism in work on didactic problems. 
The construction of content-oriented courses at school 
level has been very much the centre of interest of those 
concerned with didaQtics, whereas basic problems and 
problems of dissemination arc much lege prominent and 
have often been considered untreatable even where they 
have aroused interest (cf, Bauersfeld et al. 1971), 

There is a wide gap between the objective demands on 
the didactics of mathematics as an integrative discipline 
of teacher education and the present state of its con* 
ceptual and organlsatory development. This can only be 
overcome, and its key position in the framework of 
teacher education been done justice to, by increasing 
the theoretical demands towards it and by confronting 
it with more ambitious tasks, it is in this sense that 
the following remarks about the subject studies of a 
teacher are to be understood* 

We start from the assumption that every teacher needs 
wellfounded studies in the suhject itRAlf, There are 
indications that teachers of mathematics with a more 
thorough mathematical education are more flexible and 
open in their teaching behaviour when dealing with materials 
as well as when interacting with pupils. What is not 
clear so far though are the problems of which kind of 
mathematics teachers should know, how far advanced they 
should be in individual mathematical disciplines and 
what degree of specialization would be desirable (Begle 
1972) . 

We consider it neither possible nor useful to look at the 
mathematical studies of future teachers entirely from the 
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perspective of thdir future proteasion^ e.g. in the sens© 
of a curriculum inBtruction or « mathematically enrichGd 
version of •elemantary mathematics from a hiqher point 
of viaw'. An education fQcuaeinq extromsly narrowly on 
later profyBBional aativUies would nut do justicQ to the 
characteristicg of tha scientific disciplinee (B.0» Smith 
1969i 114) and would leave the teacher with a rather 
distorted view of mathematics. In addition, the unQOcure 
profeosional perspectivas of teachere make eeparate study 
courses for teachers have little to recommend themselves- 
Instead, a high degree of flexibility in keeping the 
options open between all kinds of study nourses should 
be aimed at. 

We do maintain though that the teacher of mathematiCBf 
as opposed to the future scientist or mathematician in 
industry, should receive a relatively broad mathematical 
education extending over a range of mathematical disciplines* 
The teacher - much more than for instance a research 
specialist - needs a comparatively broadly based mathematical 
education? on the one hand because of objective professional 
demands, on the other because the faculty to open up. 
entirely new content areas in one's future professional 
life cannot be rated very highly. 

The timft availahlft for the subject component proper of 
the study course is severely limited* It seems sensible 
to try to meet the resulting problems by instituting, 
for the subject studies of proepective teachers, a series 
of additional special courses with a different, e.g* 
application- or method-related, orientation* "Analysis 
of Algorithms" (D. Knuth 1968) would for instance be 
art appropriate topic in this context* Above all, however, 
the greater differentiation of the mathematical studies 
of prospective teachers is supported by the fact that 
mathematical knowledge plays a different role in the 
activity of the teacher than in that of the mathematician 
in industry or research i "Nevertheless, it is Impossible 
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to dlaregarcl the compliGated relation between academic 
disciplines and aubject oourses at general edueation 
schools. Modern natural and social sciencQ disciplineB 
from which subject courses in secondary schools are 
conotitutGd are hlohly sp^^ci alizod and rnprofient dynamic 
research which very rapidly changes its standpoints and 
methods. At the same time from the point of view of pure 
research the relation of knowledge in natural and social 
science to man is not relevant* This relation is however 
important if a secondary school subject course created from 
a number of partial disciplines is to fulfil its educational 
purpose* This fact also should be taken into consideration 
in courses in academic diecinlines for prospective teachers 
whose preparation should, at least in some of its components 
differ from that of researchers - a differentiation which 
should take place particularly at the end of the period of 
study* 

It seems that this solution has a certain hope of success , 
while extreme orientation- of content and organisation of 
academic disciplines toward the teaching profession is 
unacceptable to the university" (Kotasek 1972, p, 118), 

It will be necessary to introduce a second level, a kind 
of meta- level, as part of the study course* There, the aim 
would be to gain » knowledge about knowlfedge' as basis of 
an introduction to the professional use of knowledge* 
This 'knowledge about knowledge* would ancompass first 
of all knowledge of methodology and theory of science, 
secondly of the history of science, and third, knowledge 
of the relationship of mathematics to other subjects. 

Aspects of methodology and theory of science could initially 
be treated on an explicitly theoretical level? topics e,g* 
'Mathematical Abstraction and Experience', 'Methods and 
Structures of MathematlcsS 'Problems of Application', 
•Mathematfcal Sciences and Teaching* (ef. in this context 
e,g. Weyl 1966 and Otte 1 974b) . Parallel to this thera^is 
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th© possibility of personal learning strategies being made 
eonscious and developed while dealing with scientiffie 
topics* Herer a special kind of anticipation of later 
profesiional aativities suggests itself; whoever, as a 
student/ has consciously followed his own learning process 
In mathematics alao in view of the relationship to various 
teaching methods will have less difficulty in changing 
over to the role of the teacher who must obviously keep 
an eye on both sides of the teaching/ learning process. 
The so-called principle of congruence (van Dormolen 1974, 
Springer 1973) attempts to provide a systematic foundation 
for this connection, 

Pinally, the methodological aspect can also find expression 
in practising special working procedures,' a period of 
practice in *infownation processing' could for instance 
provide explicit criteria about how to approach a 
mathematical monograph, an entry in a work of reference, 
a course book. Some of this can be realised within the 
framework of the traditional seminars if these are provided 
with a more method-conscious basis, in the conventional 

lecture course it is the teacher who is responsible for 
collecting and preparing the material. He it is who irons 
out conflicting pieces of evidence, and evaluates alternative 
presentations. He, the teacher, learns as a result - we all 
know that the best way to learn a subject is to give a 
course of lectures on it. Vet students are traditionally 
denied such opportunities for learning" (Howson 1975, 
p, 22 seq, ) , 

If pieces of methodological information are presented in 
too high a degree of 'isolation and purity', instead of 
being organisatory elements they can turn into hindrances 
pre-structuring too narrowly the learning capacity and 
cognitive activity in a foCTial sense in relation to the 
subject and contents, "Wenn methodologische Pragen einzeln 
heraus'^gestellt werden, erweisen sie sich fUr den Unter- 
richt als ein MuBerliches .Wissenssystem und beeinflussen 
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das VerstMndnls und die Aneignung der inhalte im System 
nur unwesentlieh^ d-h, das Ziml, daasentwagan mie aingeftlhrt 
warden^ wird nicht erraicht. Warden methodologischa Kennt- 
nisea nur in das Matarial hinaingearbeitet vorgatragan# ga-^ 
winnan SchUler keine ganzhaitlichan vorstallungan Ubar die 
Mathoden dar wisaanschaf tlichan ErkenntniB dahar ist as 
zwackmMflig, methodologischa Kanntnisee Uberwiagand in 
das Sachmatarial einzubauen, sia dabai aber einzaln haraus- 
zustellan" (Zorina 1975)* 

It ia our experienca^ toOf that a "two track approach' is 
nacassary, Mathodological knowladge has to a certain extant 
to be prasentad explicitly in advance, sinca in taaching 
ona has to work right from tha start with general 
scientific terms (' definition ' , 'concept', 'method' etc.) 
whose structure and meaning ehould at least roughly be 
familiar p Billah at al, (1975) report on an empiric 
experiment in conjunction with a summer course for science 
teachers comprising the follQWing topics: "What is science?; 
Science and conunon sense; science and technology; art 
of scientific investigation i nature of scientific knowladga 
(characteristlca, classification, scientific theories, 
and models) i growth and development of scientific knowledge; 
and sociological aspects of science" (Billeh/Haasan 1975, 
p* 211) emphasising that the major component of tha 

training course that has contributed to the gain in 
teachers' understanding of the nature of science was the 
formal instruction in the nature and structure of science" 
(Billeh/Haasan 1975, p, 216; similarly Carey et al, 1970) • 
To redress the balance it must be pointed out that 
methodological inforTnation necessarily has a partly 
formal status and should therefore as far as possible 
always coma into its own a second time as generalisation 
of experience gained from actual contacts with the subject 
matter itself. 

Historic aspects of science should form an integral part 
of the studies of teachers to pass on at least some 
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elementary knowledge about the dynamics of concept 
development # of the epecific nature of mathematical 
matters and an underetanding of intardapendande of the 
history of mathematios and social development* A 
systematic justification can be found in Otte (1974a) ? 
an adequate deecrlpfcion of the problems connected with 
the incorporation of historic aspects is given in 
Howson (1975) I "¥et teaching the history of mathematics 
presenta a great challenge. It is very easy for it do 
degenerate into a collection of anecdotes, 

An example of what an adequate conception of teachers' 
studies could look like can be taken from a publication 
by Lakatos (1953)* As regards the state of development 
in view of the actual incorporation of aspects of the 
history of science the following statement by Howson 
(1975^ p. 21) is probably representative also for 
other countries I "in England it is not usual to offer 
a course on the history of mathematics within the framework 
of the undergraduate course* Indeed^ I believe, that 
Southampton is now unique in presenting such a course 
and in permitting the student's work in it to affect 
his degree classification." 

Knowledge about the relationship between mathematics and 

other school subjects belongs to the essential amount 

of knowledge of prospective teachers* The treatment of 

applicational problems of mathematics presupposes already 

some minimal knowledge of other subjects, and this is 

even more so for complex objectives such as 'multidisciplinary 

teaching' * Knowledge of this kind can be acquired within 

the framework of special courses, e.g. on the theory 

of science^ but also tay studying a second subject. Usually, 

studies in two subjects are recoiranended for school 

organisatory reasons (e.g* in Kotasek 1972, p* 199? or 

in the National Council of Teachers of Mathematics, 

14th Yearbook 1966). .However, there are^also internal 

reasons for studies in a second subj^cti Certain multi- 
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disciplinary qualifications can be gained most econoinically 
or perhaps even excluaively on a comparative basis* In its 
most- radieal form this insight leads to the demand (OECD 
1972r p. 234) I "It is neaessary for the future teaahers 
to get the feel and practice of pluridisciplinarity 
right away*" 

The demand for studies in two subjects for teachers of 
mathematics does not necessarily imply that the second 
subjoct must be one of the natural sciences* On the 
contrary/ to develop a realistic view of the possibilities 
and limitations of mathematics and in order to keep a 
reciprocal check on one-^sided views as encouraged by 
subject-specific studies it is in particular the combination 
with a subject from the social sciences which offers 
excellent possibilities. Since there is not doubt that 
the teacher is faced with enormpus problems of integration 
in the cognitive fields problems of the relationships 
between the various disciplines of the natural and the 
social sciences .:*re deservedly of interest for teacher 
education* It is well conceivablo that the cooperation 
between teachers of different school subjects later in 
everyday school teaching is as highly important as the 
so far underdeveloped though essential cooperation and 
communication between the teachers of mathematics themselves* 
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